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ABSTRACT

The inhibitor of virus replication (IVR) obtained from the
incubation medium of Samsun NN protoplasts inoculated with tobacco
mosaic virus (TMV) was further studied: IVR was found to be effective
when applied by spraying to cucumber and tomato plants, reducing
cucumber mosaic virus (CMV) and TMV titers, respectively. Inhibition
rates of IVR in protoplast and leaf disks was found to be dose
responsive; and inhibition was evident also by dot spot
hybridization.

IVR production was increased markedly, mainly by improving the
protoplast technology. Using antvisera prepared against the two
biologically active fractions of IVR, it was shown that the two are
serologically identical. The antisera were also used for further
purification of IVR by immuncaffinity chromatography, and preliminary
work was done to purify IVR using high performance liquid
chromatography (HPLC). An IVR-like compound was found to be associated
with another resistance mechanism "green islands" in tobaccos infected
with CMV. IVR could also be obtained directly from the intercellular
wash fluid of Samsun NN tobaccos inoculated with TMV, and an
inhibitory compound was also‘obtained in Montana from the wash fluid
of Pinto bean leaves. In parallel work in Montana the tobacco
protoplast system was used to isolate both an induced (58,000 d) and
an endogenous (24,000 d) inhibitor of virus infection. Both substances
were proteinaceous, and evidence was obtained that the induced
compound was a phosphoglycoprotein, whose activity involved inhibition

of viral RNA-directed protein synthesis.



_II_

Actinomycin D and chloramphenicol suppressed IVR synthesis and
concomittantly increased virus replication in resistant protoplasts.

Studies on the mode of action of IVR indicated that IVR does not
effect plasmodesmata number or protein synthesis of the host.

Inhibitors of infection were found in cotton, N. glutinosa, and
Datura, the latter acting by binding competitively to cell receptors
and by altering their affinity for virus.

Some evidence was obtained that UV-C partially overcomes
localized acquired resistance to TMV infection in hypersensitive host,
and the resistance of "green islands" in a systemic host.

Although UV-C produced delocalization of TMV lesions in Pinto
bean, it failed to do so in Nicotiana spp. However, irradiation 24 hrs
before inoculation decreased both lesion numbers and area for both

test species.
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d. Objectives

Evaluating concentrated IVR preparations for control of several
viruses in different intact plant species.

Improving methods for preparation of IVR from protoplasts, and
attempting to isolate IVR or a similar agent from different types of
resistant tissues especially fiom "green islands”.

Studying the mode of induction of IVR also with non-viral
polyanions in isolated protoplasts and intact plants, parallel to the
development of resistance.

Further characterization of the éhemical nature of IVR,
preparation of an antiserum, definition of a unit of activity, and its
mode of penetration(?) and action.

Testing new-host virus combinations for acquired resistance to
virus infection with possible association of induced antiviral agents;
and studying preformed virus inhibitors, especially those acting on
early post—establishment stages of viral replication.

Evaluating the nature of the chemical signal of systemic acquired
resistance with further work on ultraviolet photobiology of viral

infection.



e. Body of Report

A. Evaluation of IVR on different additional virus-host combinations

(in Israel).

Previously it was shown that IVR applied by spraying to intact
tobacco plants inhibited TMV (Gera & Loebenstein, 1983). In further
experiments the effect of IVR applied by spraying to tomato plants
inoculated with TMV and cucumber plants inoculated.with cucumber
mosaic virus (CMV) was evaluated.

Cucumber plants about 10-12 days after emergence @ere inoculated
with CMV and sprayed after 5 hr with a solution containing 3 units of
IVR in 10 ml of distilled water. At various times after inoculation
two 11 mm disks were sampled, homogenized in 2 ml of
phosphate-buffered saline (PBS) and their infecfivity assayed on Vigna
sinensis "Blackeye". For controls, similar planté were inoculated with
CMV and either sprayed with mock-IVR (prepared from non-inoculated
protoplasts - Loebenstein & Gera, 1981), or without spraying and
assayed similari& for CMV. No differences in the infectivity assays
between mock-IVR sprayed plants or non-sprayed plants were observed,
while in the IVR sprayed plants a reduction of 60-77% in CMV titer was

observed (average from 2 experiments) (Fig. 1.

Iﬁ a parallel experiment tomato plants 10-12 days after
transplanting (aﬁout 7 cm in height) were sprayed also with 3 units of
IVR in 10 ml of distilled water, 5 hr after their inoculation with
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TMV. Sampling of disks was as described before 2,3 and 4 days after
inoculation. Assayg of infectivity was on 12 half-leaves of Nicotiana

glutinosa. IVR reduced infectivity by 64-73% (Fig. 2).
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Fig. 1. CMV replication in cucumber plants sprayed once with 3 units
of IVR or with mock-IVR (control). Infectivity index-average number of
local lesions on one leaf of Vigna sinensis "Blackeye" multiplied by
inoculum dilution factor; i.e. assay after 2 days inoculum not diluted
- dilution factor ; 1; after 3 and 4 days inoculum diluted 1:10 -
dilution factor = 10; after 5 days inoculum diluted 1:100 - dilution

factor = 100, Averages from 2 experiments.
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Fig. 2. TMV replication in tomato plants sprayed once with 3 units of
IVR or with mock-IVR (control). Infectivity index-average number of
local lesions on one half-leaf of N. glutinoéa multiplied by inoculum

dilution factor. Averages from 2 experiments.



B. Definition of a "unit" and dose response of IVR. (in Israel)

The amount of IVR obtained from 106 tobacco NN protoplasts,
incubated for 72 hr after inoculation with TMV were termed "one
unit"”. -

As estimated by amino acid analysis after high pressure liquid
chromatography kHPLC) and by staining reactions with Coomassie _
brilliant blde after polyacrylamide gel electrophoresis, 100 units of

IVR (obtained from the incubation medium of 108

protoplasts) was
equivalent to approx. 1 ug protein (in collaboration with Prof. Y.
Burstein and Dr. V. Buchner, Weizmann Institute of Science, Rehovot).
The effect of increasing concentrétions of IVR (after ZnAc2
precipitation, Loebenstein & Gera, 1981) on inhibition of TMV
replication was tested both with leaf disk (Gera & Loebenstein, 1983)
and protoplast (Loebenstein & Gera, 1981) assays. Fig. 3 shows the
level of inhibition obtained with increasing concentrations of IVR in

both assays, as determined by the local lesion assay 72 hr after

inoculation. Inhibition rates were dose responsive.
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Fig. 3. Effect of increasing concentrations of IVR on inhibition of
TMV replication in protoplasts and leaf disks of tobacco Samsun

determined by local lesion assay on N. glutinosa. Averages from 3-5

experiments.
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B-1 Effect of IVR on TMV xoplicatiop an meagurod by dot-spot
hybridization (%n Israel) ‘

TMV-infected protoplasts were treated with IVR and control
preparation, 5 hrs after inoculation. 72 hrs after incubation the
protoplasts were romovad and frozon. |

The preparation of RNA for hybridization was as follows:

Frozen protoplagts (10 x 106) were solubilized with 2.5 ml of an
extraction buffer containing 25 mM Tris-HCl, pH-7.5, 25mM Kcl, 25mM

MgCl, and 1% SDS (Bourque et al., 1973) and were shaken vigorously

2
with an equal volume of water—saturated‘phenol for 20 min at room
temperature. The emulsion was broken by éentrifugation and the aqueocus
phase was re-extracted with phenol. The aqueous phase was collected
and 5M NaCl was added to a final concentration of 0.2M. RNA was
precipitated by the addition of 2.5 volume of cold ethanol atb -20°c.

The preéipitate was digsolved in deionized water and 3 ul of each
sample was then spotted on a nitrocellulose paper that was presoaked
in 20 x SS8C.

The cDNA done was a gift from Dr. Dawson (Riverside, Califorﬁia).
Labelling of cDNA with [°2P] was carried out by nick-translation
(Maniatis et al., 1975). The probe was heated to 100°C for 5 min and
then cooled on ice before being added to the RNA spotted on the

nitrocellulose paper.
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Hybridization was carried out at 42°C in a buffer containing 50%
formamide, 4 x SSC 1 x Denhardt and 50 mM Na—Phosphéte buffer, pH 6.5,
essentially as described by Thomas (1980).

Fig 3-1 illustrates the hybridization experiments with RNA
isolated from healﬁhy nontreated protoplasts, infected-IVR-treated,
infected-control-treated, infected-non-treated-protoplasts, compared
to 60ng TMV-RNA.

These resultes indicate that in IVR-treated protoplasts indeed
less TMV-RNA is produced concomittant with the effect on extractable

infectivity.

REFERENCES

1. Bourque, D.P., Hagiladi, A. and Naylor, T. (1973). Biochem.

Biophys. Res. Commun. 51, 993-999,

2. Thomas, P. (1980). Proc. Natl. Acad. Sci. USA. 77, 5201-5205.

3. Maniatis et al., (1975). Prooc. Natl. Acad. Sci. USA., 72,

1184-1187.



Fig. 3-1 Autoradiography of dot-blot of TMV-RNA from healthy
non-treated protoplasts (1); TMV inoculated IVR-treated (2);
TMV-inoculated éontrol—treated (3), TMV-inoculated non-treated

protoplasts (4) and TMV-RNA using a 2P cDNA clone to TMV-RNA.



C. Improving Methods for Preparation of IVR

Production of protoplasts was markedly iﬁproved from about 5 x
106 protoplasts per 1 20 cm petri dish to about 11-13 x 106 per dish.
Various enzyme concentrations, time of incubation with‘enzymes and
keeping the tobacco plants at various temperatures before sampling
them for protoplast production were evaluated. As shown in Table 1,
procedure 2 (shortening of incubation time with enzymes) and érocedure
3 (transferring tobacco plants 7-10 days before sampling leaves to a
22 + 29C constant temperature chamber) were found to double protoplast
yield compared to the original procedure (procedure 1).

Procedure 3 gives a regular and stable yield of protoplasts
whereby 2 technicians produce regularly 300 x 106 protoplasts per week

giving 300 units of IVR.



Table 1. Yields of protoplasts from tobacco NN by the three

procedures.

Procedure| Temp. in | Enzyme conc. (%) |Incubatiéh |Protop1asg |
jgreen house|Cellulase Macerozyme| with |Jyield (10~ |
| | lenzymes(hrs) |protoplasts|
| | | |petri dish) |
: : % : 1'

12 ] 15-30°C | 0.15 0.015 | 16.5 ] 5-6 |

a | o, | | ! |

2 | 15-30°C | 0.4 0.04 | 12 | 11-13 |

b | o. | | | |

3 | 22 +42°C | 0.3 0.03 | 16 l 10-13 |

L 1 1 . ]

g Plants grown in greenhouse without temperature control.
Plants transferred 7-18 days before sampling for protoplast
production to a 22 + 2°C greenhouse chamber.

2. Preparation of antisera to IVR_and_preliminary_attempts fo

r
additional IVR_purification by_immuncaffinity chromatography

P Naat T A S A N = atavavYavis — e e MRS 2R R

(in Israel). " .

INTRODUCTION

Previously, we reported that a substance(s) inhibitiﬁg virus
replication (IVR) is released into the medium from tobacco mosaic
virus (TMV)-infected protoplasts of a cultivar in which the infection
in the intact plant is localized. IVR inhibited virus réplication in
protoplasts from both local lesion-responding resistant (NN) and
systemic-responding susceptible (Samsun) plants (Loebenstein & Gera,

1981). In further studies it was found that IVR inhibited virus



replication also in leaf tissye disks and in intact leaves when
applied to cut stems or by spray. IVR was partiall& purified using
ZnAc2 precipitation and yielded two biologically active principles
with molecular weights of approximately 26,000 (IVR-1) and 57,000
(IVR-2), as determined by gel filtration. IVR was found to be
sensitive to the proteolytic enzymes trypsin and chymotrypsin, but not
to RNAse, suggesting that IVR has a proteinaceous nathe (Gera &
Loebenstein, 1983);

Here we report on (a) the preparation of ;n ahtiserum to IVR and
to its two biologically active principles, (b) their evaluation also
against Sela‘s antiviral factor (AVF) (Sela et al., 1966; Mozes et

al., 1978; Sela, 1981) and interferon, and (c) use of the antiserum in

immunoaffinity chromatography of IVR.

MATERIALS AND METHODS
Preparation of protoplasts and IVR. Growing of Nicotiana tabacum

L. cv. Samsun NN plénts and the preparation of protoplasts and IVR by
precipitation with ZnAc2 were as described previously (Loebenstein &
Gera, 1981). Control preparations were obtained similarly, from
sham-inoculated protoplasts.

A lyophilized ZnAc2 preparation obtained from 3x107 inoculated
protoplasts was dissolved in 1-2 ml of 0.1 M phosphate buffer, pH 6.0,
placed on a Sephadex G-75 (Superfine, Pharmacia) column, and eluted
with thé same buffer. Fractions of molecular weight eqﬁivalent to
26,000 (IVR-1) and 57,000 daltons (IVR-2) were collected (Loebenstein
& Gera, 1981), lyophilized, dissolved in 1 ml 0.05 M phosphate buffer,



pH 7.0, and dialysed against the same buffer. The two fractions were
either mixed or used separately for injection of rabbits.

Preparation of antisera. One ml of purified IVR (separate or

- mixed fractions) was emulsified with an equal volume of Freund's
incomplete adjuvant. 8Six intramuscular injections, each with 30 units
of IVR (isolated from the incubation medium of 30x10° protoplasts),
were given to one rabbit. The first four were given at intervals of 4
days and the last two injections were administered 3 weeks later,
again at a 4-day interval. One month later, one intravénous injection
(without adjuvant) was given. The rabbits were bled several days
after the last injection and the serum was stored in an equal volume
of glycerol at —20°C (non-ahsorbed antiserum).

To eliminate nonspecific antibodies, 1-2 ml 6f the antisera was
mixed with 50x106 sham-inoculated protoplasts. After 6 h, the
protoplasts were removed by centrifugation.

Enzyme-linked immunosorbent assay (ELISA) and agar-gel-diffusion

tests. For purification of X— globulin, conjugation of alkaline
phosphatase with X~globulin— the method described by Clark & Adams
(1977)- was followed. The Y;globulins used for ELISA were further
absorbed with a lyophilized control preparation obtained from the
incubation medium of 50x106 mock-inoculated protoplasts.

Agar-gel-diffusion tests were done in 55 mm petri dishes
containing a 4 mm layer (9 ml) of 0.75% agar (Bacto-Agar, Difco),
0.001 M EDTA, 0.85% NaCl and 0.2% sodium azide at pH 7.8 (Tomlinson et
al., 1973). Agar plates were incubated in a moist chamber. at 22°9C for
15 h.



- 10 -~

Neutralization of IVR biological activity by specific antiserum.

Polystyrene microplates were coated with-)’—globulin specific to IVR
(0.02 mg/ml). The plates were incubated for 4 h at 37°C, and washed
with phosphafe buffered saline containing 0.05% Tween 20. Then 0.2 ml
of purified IVR (3 units) was added to triplicate wells. After 3 h of
incubation the fluid from the wells was collected and its biological
activity tested on TMV-infected tobacco protoplasts (Loebenstein &
Gera, 1981). For controls, IVR placed on wells coated with(f—globulin

from non-immunized rabbits was used.

Immunoaffinity chromatography. IgGs were purified from the mixed

antiserum using saturated ammonium sulfate and a DEAE—celiulose
column. Purified IgGs were coupled to activated Sépharosé 4B
(Pharmacia). Activation of Sepharose was done with sodium borohydride
(Charbonneau & Cormier, 1979). The Sepharose was washed wifh deionized
water on a glass filter and suction-dried before use. Ten g of the
dried Sepharose was then suspended in 10 ml of 6N NaOH containing 30
mg sodium borohydride and 10 ml diglycidyl ether. The mixture was
gently stirred for 8 h at room temperature, and the gel was then
washed with 1 liter of deionized water and dried. Coupling was done
immediately after the w&shing according to Livingston (1974). Dry
activated Sepharose was mixed with IgG dissolved in 0.1 M sodium
bicarabonate, pH 8, at 1:200 or 1:1000 (W/V) and left for 18 h at 4°,
After that the suspension was centrifuged at low speed. To determine
the amount of IgG coupled to the Sepharose, the absorbency at 2aoﬁm in

the supernatant fluid was measured and compared with the absorbency of
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the initial uncoupled IgG solution. About 90-95% of the IgG was bound
to the Sepharose. Columns of either 3 ml or 1 ml volume were prepared
and washed with 0.1M carbonic buffer until no absorbency at 280 nm was
detected.

Lyophilized IVR (40-45 units obtained from the incubation medium
of 40-45 x 106 protoplasts) after ZnAc2 precipitation was dissolved
in 0.5 ml of 0.1M phosphate buffer, pH 7, and placed on the column.
Washings and elutions were performed as follows:
1. Washing with 10 volumes (of respective column) of 0.1 M phosphate
buffer, pH 7, containing 0.1 M NaCl. All the eluate was collected.
2. Elution with 2-3 volumes of 0.1 M glycine buffer pH 6, containing
1 M NaCl. Three fractions of 1.5-2 ml each were collected.
3. Elution with 2-3 volumes of 1M glycine buffer pH 2.6. Four
fractions of 1.5-2 ml each were collected. |
4, Washing with 5-10 volumes of 0.1 M phosphate buffer, pH 7,

containing 0.14 M NaCl. All the eluate was collected.

A control preparation, obtained from a similar number of mock-
inoculated protoplasts, was passed through the same column, eluted,
and collected in. a similar way.

All fractions were dialyzed four or five times, against 4 liters
of deionized wafér, after which they were freeze-dried and dissolved
in 1.5 ml deionized.water, and the biological activity tested on TMV-
infected tobacco protoplasts (Loebenstein & Gera, 1981), in comparison

with the respective control fractions.
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RESULTS
Serological evaluation of IVR antiserum

The mixed non-absorbed IVR antiserum enabled a clear distinction
in ELISA between ZhAc2 preparations from incubation media of
TMV-infected protoplasts and those obtained from mock-inoculated
protoplasts. Thus, ZnAc2 preparations from 1, 5 and 10 million
infected protoplasts per well gave E405 values of 0.316, 0.562 and
0.800, respectively (averages of two experiments, each on three
wells), compared with 0.109, 0.109 and 0.116 when ZﬁAc2 preparations
from comparable numbers of mock-inoculated protoplasts were assayed.
When an adsorbed mixed antiserum was used, ZnAc2 preparations from 1,
3 and 5 million protoplasts per weil gave respective E405 values of
0.38, 0.58 and 0.73 (averages from three experiments, each on three
wells), compared with 0.035, 0.04 and 0.065 from respeétive numbers of
control protoplasts. |

The mixed non-absorbed IVR antiserum did not reac£'in ELISA with
purified TMV, TMV-coat protein or TMV-infected -Samsun tobacco leaf
extracts.

Results on the activity of absorbed antisera prepared against the
26,000 (IVR-1) and the 57,000 (IVR-2) fractions separately, are
summarized in Table 2. As seen with ELISA, no differences were
observed when each of the two antisera was tested agairist these two
IVR fractions, indicating that the two fractions serologically do not
differ:markedly;‘

In agar-gel diffusion tests clear precipitation lines were

obtained between IVR (10 units after ZnAc2 precipitation dissolved in
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0.5 ml 0.1M phosphate buffer, pH 7), purified IVR-1, IVR2 and the
mixed absorbed IVR antiserum (dilhted 1:5). The precipitation lines
sted without spurs (Fig. 4a). Similar results were obtained when
absorbed antisera to IVR-1 and IVR-2 were used. The two antisera
reacted with both fractions, giving precipitation lines;that fused
without spurs (Fig.j4b,c), thus indicating that the fractions are
serologically close.

No lines were observed between the antisera and the respective
control preparations, i.e., ZnAc2 preparation from the incubation
medium of hock—inoculated protoplasts and the parallel control
fractions to IVR-1, IVR-2 (Fig. 4a,b,c). |

Neutfalization of IVR's biological activity by specific antiserum

The mixed non-absorbed IVR antiserum totally abolished the
inhibitory activity of IVR, while with normal antiserum no effect on
the biological activity of IVR was observed (Table 3).

Evaluation of IVR antiserum with AVF and iﬁterferon

To determine whether IVR has simiiarities to AVF (Sela et al.,
1966; Mozes et al., 1978), and to human interferon, the IVR antisera
were tested by the double-gel-diffusion test against AVF (obtained
from Dr. I. Sela) and human leukocyte interferon (gift from National
Institutes of Health, Bethesda, MD, U.S.A.).

No precipitation lines were obtained either with 10°

units of
human leukocyte interferon or with 10 ug AVF per well when the mixed
absorbed antiserum or the absorbed antisera to IVR-1 or.IVR—Z were

used.
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Binding and elution of IVR by immuncaffinity chromatography

Results of two separate experiments are given in Table 4. Columns
1l was of 3 ml in volume, containing 2.5g activated Sepharose coupled
to 2.5 mg mixed non-absorbed IVR-IgG. Column 2 was 1 ml in volume,
containing 1 g of~activated Sepharose coupled to 5 mg 1gG.

Peaks of activity were eluted at two positions, one after elution
with 0.1 M phosphate buffer, pH 6, containing 1M NaCl (fractions 2 and
3), and the second after elutions with 1 M glycine, pH 2.6 (fractions
6 and 7).

These results indicate that IVR can be bound and released by

immunocaffinity chromatography.

DISCUSSION

Antisera to IVR were obtained by injecting relatively large
amounts of IVR: 180 "units" obtained from 180x106 protoplasts
incubation medium. This was expected, as both the 26,000 and the
57,000 fractions with biological activity occurred at positions where
no OD280 peaks were observed, thus suggesting that'IVRAis active at
ektremely low concentrations (Loebenstein & Gera, 1981);

Antisera prepared against the two main biologicaliy active
fractions, IVR-1 (26,000) and IVR-2 (57,000), were highly cross-
reactive, and precipitation lines fused completely, indicating the
presence of identical determinants in IVR-1 and IVR-2. This supports
the preﬁious suggestion (Loebenstein & Gera, 1981) that the 57,000

fraction is a dimer of the 26,000 fraction.
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The IVR antiéerum gave no reaction with TMV, TMV coat protein,
AVF or human leukocyte interferon, pointing up the difference between
IVR and these fractions. The antiserum abolished IVR‘s biological
activity and could be used in immunoaffinity chromatography. Elution
of the biological activity occurred in two zones. This may have been
due to the presence of several antigenic determinants on the IVR
molecule. The effibiency of using immunoaffinity chromatography for

additional purification of IVR will be evaluated in the future.
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TABLE 2
ELISA EVALUATION OF ANTISERA AGAINST IVR-1 (26,000) AND IVR-2
(57,000)L |
2
N Eq05 ~

Fraction IVR-1 antiserum IVR-2 antiserum
IVR-1 - 0.680 + 0.032 0.665 + 0.028
IVR-2 0.630 + 0.051 0.675 + 0.054
Control? 0.085 + 0.023 0.063 + 0.028
1

Three units each of IVR-1 and IVR-2 per well.

Averages from three experiments (three replicates each), +
standard error.

Control preparations from mock-inoculated protoplasts.
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TABLE 3
1

Preparation2 Wells coated with | Infectivity from Percentage
XL globulin of test protoplasts . inhibition,
treated with the IVR/control
respective
preparation3
IVR N 4 9.9 + 1.69
Control -4 28 + 2.28 65
IVR Normal 10.2 + 1.84
Control Normal 29.4 + 1.77 65
IVR anti-IVR 25.7 + 2.76
Control anti-IVR 26.2 + 2.75 2
Control
ptotoplastss' 28 + 3.25

1 Antiserum (non-adsorbed) prepared by injecting the two IVR
fractions (mixed). Averages of two experiments.

2 ZnAc2 preparations from incubation medium of 3x106 infected or
non-infected control protoplasts per well.

3 Average number of local lesions and standard error per 106
Samsun NN protoplasts 72 h after inoculation, on one half-leaf
of Nicotiana glutinosa calibrated to standard TMV (0.2 ug/ml),
which yielded 60 lesions per half-leaf. '

: Non-coated wells. ‘

Infectivity from inoculated non-treated protoplasts.
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Fig. 4. Agar-gel double diffusion serology showing cross-
reactivity between IVR-1 (I-1), IVR-2(I-2) and mixed IVR (IM). a,
antiserum to mixed IVR (AM). b, antiserum to IVR-1 (Al). c, antiserum
to IVR-2 (A2). CM—ZnAc2 preparations from medium of mock-inoculated
protoplasts; Cl and C2 parallel control preparation to IVR-1 and
IVR-2.
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(in Israel).

INTRODUCTION

Mosaic symptoms are often associated with an uneven distribution
of virus, where dark green areas generally contain less
infectious virus than light green or yellow areas (1,4,17,18,19).
Especially in tobacco leaves infected with cucumber moséic virus
(CMV), Price No. 6, these "green islands" are very distinct (Fig.
5) and were found to contain less than 5% of the infectivity
extracted from the yéllow areas (12). In older infected plants
layers of leaves that have typical yellow mosaic symptoms
alternate with leaves that remain virtually symptomless (8,10).
Green areas did not contain infectious RNA and 6n1y limited
amounts of viral antigen could be detected serologically and they
were resistant to reinfection with three different strains of CMV
but not to infection with tobacco mosaic virus (TMV) (12). These
results indicate that resistance of the "green islands" is not
due to capture of the superinfecting genome by coat protein as
proposed for "cross protection" (3), or to the presence of a
strain different from that in yellow areas.

We have reported that protoplasts of a tobacco cultivar in
which the infection in the intact plant is localized (resistant),
release after inoculation with TMV, a substance(s) that inhibits
virus replication (IVR) (13). IVR was not released from
non-infected protoplasts of the resistant cultivar, nor from
TMV-infected protoplasts of a systemic responding tobacco
cultivar (susceptible). IVR was partially purified using ZnAc2
-precipitation, and yielded two biologically active principles,
IVR-1 (26,000 MW) and IVR-2 (57,000 MW),as determined by.gel
filtration. IVR also inhibited replication of several viruses
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when applied to leaf disks of different host plants, indicating
that it is neither host - nor virus-specific (5).

We were therefore interested to see whether protoplasts from
"green island" tissue also release an inhibitor of virus
replication, to compare its properties with those of IVR and to
see if this inhibitor termed IGI (inhibitor from "green islans"),
can be obtained directly from "green island" leaf tissue. A
preliminary report has been presented (15).

MATERIALS AND METHODS
Virus and plants

Nicotiana tabacum L. Xanthi-nc and Samsun were grown in 10 cm

pots in the greenhouse, with supplementary lighting providing a
photoperiod of 14 h. Three feedings with a complete nutrient
solution were given at 14 day intervals, starting one week after
transplanting. Two weeks after planting, when plants reached a
height of approximately 12 cm, they were transferred to a 23-25°C
greenhouse chamber, and their lower leaves were inoculated with
CMV strain Price No. 6 (CMV-€) (1l.5ug/ml) (16). Purified virus
(12) diluted in 0.05 M sodium phosphate buffer, pH 7.5, and kept
frozen at -70°C, was used. Healthy plants under similar
conditions were used as controls.

'Infectivity was assayed on primary leaves of 8- tb
ll1-day-old Vigna sinensis Endl. var. ‘Black Eye’ plants.

Preparation of protoplasts and inhibitory substance.

Protoplasts were obtained from fully expanded leaves with well
developed "green islands" 8-10 days after the last feeding.
Similar leaves were sampled from the healthy control plants.
Leaves were washed with sterile distilled water, and the lower
epidermis was peeled off. The mixed enzyme procedure with
overnight incubation was employed, using 0.02-0.03% macerozyme
R-10 and 0.15-0.3% cellulase R-10 in incubation medium (VIM)
containing 13.5% (w/v) mannitol, 0.2 mM KH2P04, 1 mM KNO3, 0.1 mM
MgSO4, 10 mM CaClz, 1 mM KI and 0.01 uM CuSO4 (12). Protoplasts
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were washed twice with 13.5% mannitol, floated on 23% sucrose and
again washed twice with mannitol.

For inoculation of protoplasts purified CMV (2 ug/ml) was
incubated at 25°C for S min in 0.02 M potassium citrate buffer,
pH 5.2, containing poly-L-ornithine (2 ug/ml) (Sigma, approx.
MW=120,000) (PLO). After that, 5x106 protoplasts in 10 ml 13.5%
mannitol were added to 10 ml of the infection medium, and the
mixture was incubated at 25°C for 15 min while being rocked
gently. Control batches were sham- inoculated with the same
infection medium but without CMV. Protoplasts were then washed
twice with 13.5% mannitol containing 0.1 mM CaCl2 followed by a
wash with VIM containing carbenicillin (200 ug/ml) and mycostatin
(25 units/ml). Protoplasts were suspended in VIM containing the
antibiotics at a concentration of 1x10S protoplasts/ml- and
divided into 10-ml portions in 100-ml Erlenmeyer flasks. They
were then incubated at 25°C under continuous illumination of
about 2000 1lx. After 72 h the incubation media were coilected and
sterilized‘by filtration through Millipore 0.2-um filters after
removal of the protoplasts by centrifugation at 35 q for 6 min.
No residual infectivity was detected in the incubation medium
from the inoculated protoplasts. The number of infected
protoplasts after inoculation of healthy protoplasts with CMV was
determined several times using the fluorescent antibody technique
and found to be in the 80-90% range. Preparations of IGI obtained
from 106 protoplasts, incubated for 72 h after inoculation, will
be termed as one "unit."

Assays of inhibitory potency.

To test the potency of inhibitory activity in the incubation
medium (IM), newly prepared Xanthi-nc and Samsun protoplasts were
inoculated with CMV and TMV (13), respectively, and after 5 h or
more were suspended in IM or control medium. The protoplasts at a
concentration of 105/m1 in 10 ml1 of medium, were incubated for 72
h at 25°C, under 2000 1x. They were then collected by

centrifugation and homogenized for 2.5 min in 4 ml of 1% KZHPO4
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for CMV or in 0.05 M phosphate buffer, pH 7.5, for TMV in the
cold. The CMV homogenates were inoculated on 8-10 primary leaves
of Vigna sinensis var. Blackeye and compared with a standard

solution of partialiy purified CMV on the opposite primary leaf.
TMV homogenates were each inoculated on 12 half-leaves of
Nicotiana glutinosa plants and compared with a standard solution

of purified TMV on the opposite half-leaf. TMV lesion counts were
adjusted to 106 live protoplasts and calibrated using the
following equation (14):

calibrated number of lession per half-leaf for homogenate

mean number of lesions per half-leaf produced by
homogenate

mean number of lesions produced by standard TMV on opposite
half-leaf

X mean number of lesions per half-leaf produced by standard TMV
from all experiments.

Calibration of CMV lesion counts were done similarly except that

whole opposite leaves were used. The survival rate of the

protoplasts after 72 h was generally 90%; those_experiments with

survival rates lower than 80% were discarded.

Inhibitory potency of the semipurified inhibitor (see below)
was also assayed on leaf disks, as described before (5). Leaf
disks were obtained from Xanthi-nc plants inoculated 5 h
previously with CMV-6 and from Samsun plants inoculated.similarly
with TMV,. After wvarious times of incubation at 25°C, two disks
from each IGI and control test were washed with distilled water
and homogenized in i% KZHPO4 or 0.01 M phosphate buffer, pH 7.0,
for CMV or TMV, respectively; their infectivity was assayed as

described above for protoplast homogenates. In some protoplasts
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and leaf disks samples, virus titer was also determined by
enzyme-1linked immunosorbent assay (ELISA) (2), calibrated to

purified CMV or TMV.

Partial purification of IGI.

IGI was partially purified from the protoplast incubation medium,
using ZnAc2 precipitation, as described previously for IVR
purification (13). Further purification and estimation of the
molecular weight of IGI was obtained by gel filtration on
Sephadex G-75 (Superfine, Pharmacia) (13,20).

Serological comparison of IGI with IVR.

Antisera from rabbits prepared against IVR-1 (MW 26,000), IVR-2
(MW 57,000) and against a mixture of IVR-1 and IVR-2 ("combined
antiserum") (unpublished results) were used in agar-gel diffusion
tests. The serological differentiation index (SDI) was determined
by indirect enzyme-linked immunosorbent assay (ELISA) according
to Jaegle and Van Regenmortel (9), using the combined iVR
antiserum. SDI values were determined by comparing the antiserum
dilutions that lead to the same absorbance measurements when
homologous and heterologoua preparations (IVR and IGI) are
assayed by ELISA. In these tests IVR and IGI wefe applied
directly to the ELISA plates. After that, attachment sites on
the plastic were saturated with 2% bovine serum albumin. before
adding'IVR—antiserum. Subsequently, goat anti-rabbit conjugate

({Miles-Yeda) was“used.
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RESULTS

Release of inhibitor(s) from "green island" protoplasts (IGI) and

partial purification

Table 5 summarizes the data on IGI released into the medium from
the protoplasts obtained from "green island" tissue, with and
without superinoculation by CMV-6, compared with control media
obtained from CMV-6 infected and non-infected Xanthi—nc:
protoplasts. Crude IGI significantly inhibited virus replication
in CMV-infected Xanthi-nc and in TMV-infected Samsun protoplasts,
by about 54% and 60%, respectively. Superinoculation of "green
island" protoplasts with CMV increaéed IGI activity somewhat,
resulting in inhibition rates of 68% and 62% in CMV-6 and
TMV-infected test protoplasts, respectively. This increase in
inhibitéry activity was not found to be statistically
significant, when compared to IGI from "green island"
protoplasts.

IGI was partially purified using ZnAc2 precipitation. These
partially purified preparations inhibited CMV and TMV replication
in protoplasts by 55% and 58%, respectively. ZnAc2 preparations
from incubation media of superinoculated "green island"
protoplasts gave higher inhibition rates, 66%, for the Ewo
viruses. This increase was statisticaliy significant when
comparéd to IGI from "green-islands" protoplasts:

ZnAc2 preparations were also assayed on leaf tissue disks
from Xanthi-nc inoculated with CMV and from Samsun inoculated

with TMV. Results are summarized in Table 6. ZnAc., prepérations
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inhibited CMV in leaf disks by 79% and 57% when assayed after 48
and 72.h, respectively. Preparations from superinoculated "green
island" protoplasts resulted in a significant increase in
inhibition rates reaching more than 85%. For TMV, inhibition
rates of 47% and 59% were observed when leaf tissue disks were
treated with ZnAcz'preparation from "green island" protoplast
media or from media of superinoculated "green island"
protoplasts, respectively. This increase due to superinoculation
was statistically significant.

Inhibition rétes by IGI,as determined by local lesion assays
or by ELISA, were dose-responsive. Results, when 0.5-10 units of
ZnAcz-preparations from incubation media of “green island“
protoplasts were assayed both on protoplasts and on leaf tissue
disks inoculated with CMV, are summarized in Fig. 6. For
comparison, ZnAc2 preparations (same amount of units) from

incubation media of non-inoculated protoplasts were used.

Further purification and molecular weight estimation of IGI

Further purification and an estimation of the molecu}ar,weight
were obtained by gel filtration on Sephadex G-75. A 38 x 1.5 cm
column calibrated with several proteins (13) was used. A
lyophilized ZnAc2~preparation obtained from 3 x 107
superinéculated "green islands" protoplasts (30 ;nits) was
dissolved in 1 ml of 0.1 M phosphate buffer, pH 6.0,

(OD280 = 2), placed on the column, and eluted with the séme

buffer at a flow rate of 100 ml/h. Fractions of 1 ml each were
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collected. A cohfrol preparation obtained from a similar number
of healthy protoplasts, with the OD280 adjusted to 2, was passed
through the same column and collected in a similar way. Three
successive 1 ml fractions were combined and lyophilized. Before
testing for inhibitory potency the samples were dissolved in 0.01
M phosphate buffer, pH 6.0, and dialyzed overnight against VI1M.
Inhibitory potency was tested on CMV-inoculated protoplasts, in
comparison with the respective control.

Inhibitory activity was eluted only at two positions,
equivalent to molecular weights of approx. 26,000 (IGI-1) and
57,000 (IGI-2) (Fig. 7). Similar résults were obtained when these
fractions were assayed on Xanthi-nc and Samsun leaf disks

inoculated with CMV and TMV, respectively.

Inactivation of IGI by enzymes

Incubation of IGI-containing solutions, after ZnAc2
precipitation, with trypsin or chymotrypsin markedly reduced its
activity. When assayed on CMV-infected Xanthi-nc leaf tissue
disks IGI reduced virus multiplication measured %2 h after
inoculation by 78%, while trypsin- and chymotrypsin-treated IGI
gave 16% and 19% inhibition, respectively, compareq with the
control preparation treated similarly with the enzymes. No
significant differences in virus titers were observed between
disks treated with control preparations incubated witﬁ the

enzyme and those incubated without the enzymes. Trypsin and
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chymotrypsin inactivated by heating the enzyme for 15 nin at
100°C reduced IGI activity only slightly.

Recovery of IGI from "qréen island" leaf tissue

IGI could be obtained directly from "green island" leaf tissue,
as follows: 20 g of "green island" tissue was homogenated in 0.1
M borate buffer, pH 9, containing 0.1% thioglycolic acid, at a
ratio of 1:2 (w/v), with the aid of an Omni-Mixer. The slurry was
passed through gauze and centrifuged for 20 min at 3500 g. The
supernatant was first dialyzed overnight against 0.1 M glycine
buffer, pH 2.5,.and then for 24 h against 0.01 M phosphate
buffer, pH 7. The solution was then centrifuged for 20 min at
3500 g, the precipitate discarded, and ZnAc2 was added to the
supernatant as deséribed previously (13).

- The precipitate was dissolved in 1 ml of 0.01 M phosphate
buffer, pH 7, and dialyzed overnight against VIM (without
mannitol). The partially purified preparations were assayed on
CMV- and TMV-infected protoplasts as usual, in comparison with
control preparations obtained similarly from healthy leaf tissue.
With 40 ul, roughly corresponding to 3 units of IGI (based on
calculation of ﬁhe number of cells per g leaf tissue), inhibition
rates of 69% and 57% (averages of three experiments) were
obtained when assayed on CMV- and TMV-infected protoplasts,
respectively, 72 h after inoculation. Such preparations were also
assayed on CMV-infected Xanthi-nc and TMV-infected Samsun leaf

tissue disks. Inhibition rates (averages of three or four
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experiments) for CMV were Bl% and 59%, when disks were assayed
after 48 and 72 h, respectively; the rates forlTMV were 75 and
72%, respectively.

HWhen these,ZnAc2 preparations, obtained directly from "green
island” leaf tissue, were passed through a Sephadex G-75 column,
peaks of biological activity were eluted at two positions,
equivalent to molecular weights of approx. 26,000 and 57,000.

IGI from leaves was also sensitive to trypsin and
chymotrypsin. When assayed on CMV-infected leaf disks, IGI
reduced virus multiplication (measured by local lesion assays) 72
h after inoculation by 70%; while trypsin- and chymotrypsin-
treated IGI gave 11% and 29% inhibition, respectively, compared
with the controi preparation treated similarly with the enzymes.
No differences in virus titers were observed between leaf disks
treated with contrpl preparations incubated with the enzymes and
those incubated without the enzymes. Trypsin and chymotrypsin
inactivated by heating the enzyme for 15 min at 100°C did not
reduce IGI activity, which remained at 71% and 82%,
respectively.

IGI was also obtained from "green island" leaf tissue of
Samsun tobacco plants inoculated with CMV-6. Development of
symptoms and "green island" on Samsun was similar to that on
Xanthi—nc. Extraction of IGI and partial purification from Samsun
leaf tissue were as described above for that from Xanthi-nc.
Partially purified preparations after ZnAc2 inhibited CMV

replication by 51% when assayed on Xanthi-nc. protoplasts, 72 h
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after their inoculation with CMV. When these preparation were
assayed on Samsun leaf disks infected with TMV for 72 h,
inhibition rates of 56% were observed. These preparations also
gave two peaks of biological activity, when eluted from a
Sephadex G-75 column, at positions equivalent to molecular

weights of approx. 27,000 and 56,000.

Susceptibility of "green island" protoplasts to infection by TMV

and CMV

VProtoplasts obtained from "“green island" leaf tissue were
susceptible to infection by TMV but not by CMV. When such
protoplasts were inoculated with TMV, the average number of local
lesions obtained after 24, 48 and 72 h were 10.6, 21.9 and 39.1,
respectively, coﬁpared with 11.2, 23.2 and 38.5 when healthy

_ protoplasts were inoculated with TMV and assayed at the
respective times. (Data are the average number of local lesions
on one half-leaf on N. glutinosa from four experiments,
normalized as described in footnote b to Table 5.)

Inoculation of such protoplasts with CMV, using two strains,
CMV-6 and CMV-T (6), did not result in an increase in virus titer
when assayed after 72 h. Inoculation of healthy protoplasts with
either one of these strains resulted in infectivity titers after
72 h df about 20 lesions per primary leaf of V. sinensis (see

footnote b to Table 5).
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Serological comparison of IGI with IVR

IGI-1 (MW 26,000), IGI-2(MW 57,000) and a mixture of IGI-1 and
IGI-2, all from Xanthi-nc, "green island" leaf tissue were
compared in agar gel diffusion tests with IVR—li IVR—Z and the
mixture of IVR-1 and IVR-2, cbtained from Samsun NN, using
antisera ggainst IVR-1, IVR-2 and the "combined‘antisefum". Five
units dissolved in 0.2 ml 0.1 M phosphate buffer,‘pH 7, were
applied to each well. Clear pfecipitation lines were obgerved
between IGI-1 and.the antisera to IVR-1 and IVR-2 (Fig 8 a,b).
These lines fused completely, without spurs, with the
precipitation lines obtained between IVR-1 and IVR-2 and the
respective antisera;“Similarly, clear precipitation lineé were
obtained between IGI-2 and the antisera again IVR-1 and IVR-2
(Fig 8 c,d). These lines also were confluent with the lines
obtained between IVR-1 and IVR-2. However, an additional faint
line was observed-between IGI-2 and the two antisera (Fig. 8
c,d). The mixture of IGI-1 and IGI-2 was also compared to the
mixture of IVR-1 and IVR-2, using'the "combined antiserunm".
The major precipitation line fused with that obtained bétween IVR
and the IVR antiserum, but additional lines between IGI and the
| IVR antiseruﬁ were observed (Fig. 8e). No precipitation lines
were observed between IGI-1, IGI-2 and their mixture, obtained
from Sémsup "green island" leaf tissue, and the respective
IVR-antisera, even when up to 20 units per well were applied.
For determination of SDI, one unit of IGI from Xanthi-nc or

IVR per well was used (30 units of IVR and IGI gave OD280 values
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of 0.13 and 0.14, respectively). Results, averages of four
experiments, with two wells for each point, are summarized in
Fig. 9. The SDI at 0D 1.0 was 1.8. -

These results indicate that serologically, IGI from
Xanthi-nc highly resembles IVR, and that the two biologically
&ctive fractions IGI-1 and IGI-2, similar to IVR-1 and iVR—Z
(unpublished) are serologically very close. IGI from Samsun

“green islands" was serologically different.

DISCUSSION

In our previous work it was shown that resistance respoﬁsible for
localizing the infection of TMV in a tobacco cultivar (local
lesions), is associated with an inhibitor of virus replication -
IVR (5,7,13). IVR inﬁibited virus replication in p:otoplasts,
leaf tissue disks and intact leaves. In the present work we found
that a substance inhibiting virus replication, IGI, is associated
with another resistance phenomenon - the "green islands" -
developing in tobacco plants inoculated with CMV-6. "Green
island" tissue contains only minute amounts of CMV but is highly
resistant to reinfection with three strains of CMV (12).
Protoplasts obtained from "green island" tissue were foﬁnd to
release a substance(s) (IGI) that inhibits CMV and ™V
replicafion in both protoplasts and leaf tissue disks. I1GI,
similarly to IVR, affects virus replication, as IGI was applied
at least 5 h after inoculation of the test protoplasts and disks.

This test procedure eliminates the possibility that the effect is



- 34 -

due to inhibition of infection, whiéh could result when the
substance to be tested is either &pplied before inoculation or
mixed with the virus (11).

IGI resembles IVR in many of its properties: IGI was not
virus- specific, inhibiting CMV and TMV; it was partially
purified by ZnAc2 precipitation; was sensitive to trypsin and
chymotrypsin, with two biologically active principles of
molecular weights of approx. 26,000 and 57,000; and its effect on
virus replication in both protoplasts and leaf tissue disks was
dose-responsive. IGI was also obtained directly from "green
island" leaf tissue, which eliminates the necessity of the
laborious procedure of obtaining IGI via protoplast incubation.

IGI from Xanthi-nc "green-islands" highly resembles IVR in
it’'s antigenic properties. The precipitation lines obtained
between I1IGI-1 and-IGI—Z and the respective antisera, fused with
those obtained between IVR-1 or IVR-2 and the two antisera,
without any spur formation though, an additional faint line was
present between IGI-2 and the two antisera, not observed in the
respective controls, or between IVR-2 and the antiserum to IVR-2
(Fig. 8 c,d). Also, the precipitation lines between IGI-1 with
the antisera and ICI-Z and the antisera fused completely. This
indicates the presence of identical serological determinants in
IGI-1 to IVR-1, and in IGI-1 to IVR-2, as well as between IGI-1
and IGI-2. Therefore, as suggested for IVR (3), IGI-2 seems to be
a dimer of the IGI-1 fraction.
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When”the "combined antiserum" was evaluated against the
mixture of IGI-1 and IGI-2 in comparison to a mixture.of IVR-1
and IVR-2 additional precipitation lines were observed between
IGI and the IVR‘antiserum, not present between IVR and the IVR
antiserum, or in the respective controls. This, as well as the
additional faint precipitation line observed between IGI-2 and
two antisera and the difference in the SDI values;mmay indicate a
certain non-identity between IGI and IVR, though the
dissimilarity in the‘SDI values may be due to some difference in
the concentrations of the antigens. h

IGI from Samsun "green islands" differed serologically from
IVR and IGI from Xanthi-nc, though the biological activity was
also associated with two fractions of 26,000 and 57,000 MW.

Protoplasts from "green islands" were resistant to infection
with CMV, similar to "green island" leaf tissue, whicﬁ was
previously found to be resistant to reinfection with three
strains of CMV (12). These "green island" protoplasts (which
release IGI) were Qusceptible to infection by TMV, similar to the
previously observed susceptibility of "green island" leaf tissue
(which contains IGI) to infection by TMV (12). The finding that
IGI inhibits TMV multiplication when applied after inoculation of
healthy protoplasts or leaf tissue disks, but not in "green
island" protoplasts or leaf tissue, (based on lesion numbers)

(12) cannot be explained at present;
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Whether IGI-like compounds produced after activation of host

genes are directly responsible for the resistance in "green
islands", or whether interference is due to virus-dependent
satellite replicating RNAs (as CARNA 5 - CMV associated RNA 5)

(10), or by some other mechanism is still an open question.
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FIG. 5. Leaf of Nicotiana tabacum Xanthi-nc infected with CMV-6,

with distinct separate green and yellow areas.
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FIG. 8. Agar gel double diffusion serology between iGI, IVR and
antiserum to IVR. IGI-1 (Gl), IGI-2 (G2), mixture of IGI-1 and IGI-2
(Gm); IVR-1 (R1), IVR-2 (R2), mixture of IVR-1 and IVR-2 (Rm).
Antiserum against IVR-1 (Al), IVR-2 (A2) and against mixtﬁre of IVR-1
and IVR-2 (combined.antiserum) (Am). CGl, CG2, CGm, CR1, CR2, CRm -
parallel control preparation to IGI and IVR from mock inoculated

protoplasﬁs.
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FIG. 9. Determination of serological differentiation index (SDI)

values between IGI (-0-) and IVR (-o-) by indirect ELISA, using an

antiserum to IVR. The SDI value was calculated from antiserum

dilutions corresponding to 0D405=l.0. The SDI value was 8.0 - 6.2 =

1.8.
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4. Obtaining IVR directly from TMV_inoculated plants

'y

a. From tobacco (in Israel).

An attempt wasmmade to isolate a compound(s) which inhibits virus
replication, similar or identical to IVR.
The compound was prepared as follows:

Samsun NN tobacco leaves were collected 7 days after inoculation
with tobacco mosaic virus (TMV). Freshly collected leaves were cut
into pieces of 4 to 5 cmz. Pieces were infiltrated in vacuo for three
to four periods of 30-50 seconds eaéh, with a large excess of cold
(4°C) 0,05M phosphate buffer pH 7, 0,1% Metcaptoethanoi (Parent, J.G.
and A. Asselin, Can. J. Bot. 62: 564-569. 1984). Pieces were gently
blotted, rolled up and placed in centrifuge tubes containing an inner
matching part with a pierced bottom. This allowed separating the léaf
tissue from the intercellular fluid which was collected after
centrifugétion for 10min at 2000g. The fluid was precipitated with
ZnAc2 (0.02M, final concentration) and processed in a similar manner
to the preparation of IVR.

The inhibitory effect of this compound on protoplasts was
determined in comparison to a control compound prepared from mock
inoculated leaves. An inhibition of 40-70% on virus replication in the
protoplast assay was found with this compound. (Tagle 7).

Partial purification of this compound was done on.a Sephadex G-75
column. Two peaks of activity were eluted at positions.equivalent to

molecular weights of 26,000 and 57,000.
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This parallels the peaks of activity found for IVR. These peaks
reacted serologically in agar gel diffusion with th® antisera prepared
against IVR-1 and IVR-2 (Fig 10).

A similar IVR-like compound was obtained from “induced resistant"
Samsun NN leaf tissue. In this case, induced resistance was obtained
by inoculating both halves of each leaf parallel to the midvein. The
IVR-like compound wads obtained from the resistant tissue between the
inoculated stripes. The inhibitory effect of this compound was similar
to the IVR-like compound (Table 7). |



TABLE 7 i
Effect of an IVR-like compound from TMVeinfected

tobacco NN tissue on TMV replication in Samsun NN protoplasts.

Amount added Infectivitxg Percentage
(units)? x Ivr-like Control " inhibition

0.2 39 47 17

1 28 51 45

2 22 67 67

0ne unit represents amount of IVR-like compound obtained for 1lg

. tissue.

Average number of local lesions per 106 protoplasts ‘harvested 72h
after inoculation and inoculated on N. glutinosa. Numbers are
normalized to a standard TMV solution (0.lug/ml) which yielded about

50 lesions per half leaf.
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TABLE 8
Effect of an IVR-like compound from induced resistant
tobacco NN leaf tissue on TMV replication in Samsun NN protoplasts?.

Compound extracted _Infectivitvh . Percentage
from : inhibition

Stripes - 1.7 79

between stripes 2.4 70

Control (sham inoculation) 7.9

Control® (protoplasfs) 9.6

80ne unit (IVR-like compound obtained from lg tissue) added to 106'

protoplasts 4 hrs after inoculation.

bAverage number of local lesions per 106

protoplasts harvested 72hr
after inoculation and inoculated on N. glutinosa. Numbers are
normalized to a standard TMV solution (0.lug/ml) which yielded about

50 lesions per half leaf.

cInte;nal control - TMV inoculated protoplasts with no additions.



- 52 -

Fig 10. Agar gel double diffusion serology of the IVR-like compound
from leaves with antiserum %;inst IVR-I (A) and IVR-II (B).
1. IVR-T
2. IVR-II
3. 57,000 daltons peak of activity - from 1eavés
4. 26,000 daltons peak of activity - from leaves
5,6,%,8. Parallel control preparations for 1,2,3 and 4, :

respectively.
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These results indicate that the IVR-like compound extracted from
plants is indeed similar to IVR. It is estimated thit 1x10°
protoplasts are obtained from 1lg of leaf tissué. Therefdre; the amount
obtained from lg leaf tissue was defined as one unit.

Extraction of the compound from intact plantsq}ather than from
protoplasts will allow scaling up the production of this compound in a
less laborious and time cpnsuming way and therefore is>of obvious

advantage.
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b. Characterization of Intercellular wash Fluid (IWF) Fron
TMV=infected Pinto Bean Leaves. (in U.S)

Little {nformation has been published on  Pinto  iean
intercellular fluid components, Most studies on indAuced proteins
use leaf homouenates from which proteins are extracthed,

The anal of this study was to characterize the hioloaical
and chemical properties of THV=infected Pinto Rean Intercellular

wash flnuid,

IME Extractlion Brocedure Fleven= to tvelve=day old Bhasealus
yulauardls var, "pinto" Drimarv teaves were inoculated {n the

followinn manner: st e e

Side ¢ T™V + (Cellte
4?2 = Mo rubbing
81 - Ruffer + Celite
¥4 Mo rubhina

IWF was extracted at selected 1ntervals after dnocnlation hy
vacuum infiltration of «cold O0,067M sodinnm=potassium phosphate
bnffer, pH 7.0 with 0,1% ?-mercantoethanol into the half-leaves,
Leaves Were hlotted dry, placed into centrifuae tuhes and sprun
for B=9 min at 1200g. The IWI was aenerally stored at =17 prior
to use,

IME Bdctivity Agaliost Mirus Establlisbuent 1WF, when mixed with TMV
and inoculated onto healthy, 11=12=davy old Pinte Bean prirary
leAaves, produced varfahle results in tnhibitira virus
establishment, ‘At mwost, a 30% reduction in lesfon numhers was
ohserver, with [WF extracts taken 3 and 7 days after inoculation
consistently producing that amount of virus inhlhjtion, The l1ow
percentaae of fnhirition did not warrant further sxperiments
testina the relation retween the physical characteristics of IWF
and virus establishment,

IME Actluity Against Mirus Bemlicatlion Fleven= to twelve=-day old
Pinte Bean Primarv leaves were inoculated with THV (<=9 nrs prior
to being infiltratead with Day=7 IWF extracts Half~leAaves were
suhmerdaed in A mixture of 1IWF and buffer and placel under vacuum,
lLLeaves were kept on maolist towelling In a 20-23C arowth cChamber,

Lesion nuabers and diameters were measured 4-¢ Jdays later.,
Overall, lesion numhers were decreased AfN=RA% by the
four= treatment extracts compared to the control (Tahle 1), -

Averane leston diameters chanaed little as compared to  the
control, althonah the arppearance of the laraer lesion size
classes was diminished in the treatments usinug side #1 and side
#7? IWF extracts (Table 2), ;
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Table 1, Lesion Size-Class“Frequencv Percentanes Using
Dav=7 IWF Fxtracts Tnfiltrated into Pintn Bean Leaves
69 Hrs After TMV 1noculation, ,

Size Class

o o TREATMENT
( x10 mm) Control 1 2 3 ® A
1 1.9 16.6 10,9 11.6 5.4
2 26.7 22.1 32.7 22.3 17.3
3 20,0 23.5 32.3 26.5 26,9
4 11.5 14.7 11,7 12,1 16,5
5 10.7 13,4 H.2 13.5 19,2
6 5.2 5.t 2.7 1.4 ~ 5,4
7 6.3 3.2 0.0 7.3 5.0
8 3.3 1.4 0.4 2.3 1.5
9 AJh eaw - 0,4 1.9 _ 2.7

33§ -3 3——F i~ — g R R A R e R R R e

Averaue of 6 trials,

Total leaves used: Control (N=36), Treatments (MN=47-48),
Total lesfon diameters measured: (on%rol (N=2170),
Treatments (M=21%=260),
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Table 2. CompAarison of Averaue Lesion Number and Diameters lisina
NDay=7 IWF Extracts Applied 6=9 Hrs After Tnoculation with TMV,.

” TREATMENT
Control - 2 3 4

==========================================================='======:=:
Average Lesion

Number 60,0 22,1 23,9 18.4 18,3
Averane Lesion

Diameter

( x10 mm) 3.3 3.2 2.9 3.5 3.9

lWE Brotelp Contents Protein contents of IWF extracts made at
different Intervals after virus inoculation, were measured usina
the Hradford Protein Method., Feak increases In rrotein content
occurred in the 12«hr, Day=A4 ’ Nay=T7« and Nay=10 extracts

Treatment 21 of Day=7 IWF Uquallv contalncd the nnreatest amonnt:
of total protein (Tabkle 3),
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Table 3. Cowparison of IWF Protein Contents (ma/ml) Taken
at Selected Times After TMV Inoculation,

Extraction Treatment o Percent Difference
Time 1 2 3 4 I 1:3 1:4 2:4
=====n===szna===================a:aa:===========a=n:=a=n==uua:_za
0 hrs 38.6 32.6 37.7 50.9 : +?2 =24 -36
12 hrs 14.4 15,2 ““.? 9.2 | +57 +51 +60
24 hrs 12.3 -——— 12.0 10,6 | +3 +16 -
36 hrs 16,13 13.5 20,8 15.1 | =22 +8 -11
48 hrs 15,2 17.9 23.0 13.6 | =34 +12 +32
4 davs 57,0 36,7 15.7 10,5 | +263 +443 . 4249
5 davs 26,9 2841 28.6 17.5 | =6 +54 +61
7 davs 63,0 34,7 3n,0 19.5 | +110 +223 +7%

8 davs 35,2 23,5 -?21.4 22.5 | +64 +56h +4
9 davs 35.8 18,5 17.3 16.1 | +107 +122 +15

10 davs 55,1 19,7 18,0 14,3 | 4206 +288 +3n.

-13

+34

+60

+49

+63

+54

+7

+26
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Preliminary protein content studies of IWF extracts taken at
selected days from Pinto Bean plants that were onlv rubhed with
buffer and Celite qave interesting results. A slight periodicity
over time still appears in the levels of Intercellular proteins
after only wounding half of a sinale primary 1leaf on a nlant.
The results represent only one trial wusina 12-1% plants per
extraction dav, - Treatment letters; 1.e., side a,b,c,a,
correspond ta the sare sides of Pinto Bean nrimary leaves as in
the other experinents usinag sides 1,2,3,4, respectively, Side ¢
was the only side rukhed with bufter (Tabhle 4),

Tahble 4, IwF Protein Contents (mn/ml) of Butfer=inoculated
Pinto Rean Primary l.eaves, .

Extraction Treatment |Percent Difference
Time A b c o I a:c ax:qd

3 days 312 239 314 217 1 =1 413

A davys 379 408 342 249 | +11 +52

5 ‘days 163 309 4085 366 | -10 -1

6 days 376 401 206 159 | +83 +136

7 days 198 289 154 273 | $20 -217

e N N N N N N S S s S T T e m T ammam e e o o o oo oo dn @ ool =

Rrotein Cbaracterization of IKE IYF extracts were Tun on an
SNS=PAGE ge]l (Judd,1982) and produced 5§ bhands— that shewed
increased prrotein levels resultina from THV  {iInfection, These
bands probhably did not repnresent de paxo proteins as there were
1iaht bands visihie, at the same molecular welahts, {In the
healthy and control [WF extracts. The apparent moleculavr welahts
of the tive ban-ds were 36,500, 34,000, 33,000, 28,750 and 26,500
daltons, - - ’

These results Indicate that ageneral cell leakane s not a
direct result of virus infection Decause there 1s no averall
increase In the density of staining of side +¢#1 treatments
compared to the other treatments, It 1s hvpathesizerd that the
plant may be selectively releasing proteins into the
intercellular spaces as a result of TV infection. Isolation of
an inhibitor from IWF was not undertaken,

Discussiup Proteins which vwere increased after the application of
stress, In the torm of viral or funaal infection, chemicals or
woundina, have heen studied by many researchers. A varjety of
names have beenr alven to these proteins, denendina on the
researcher and species of plant used,
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PR or "h" proteins have been used to deslianate Iinducen
oroteins {n ANicatlapa sn.,, whereas PS, P and p proteins have bheen
vsed to desiunate induced proteins in Ebhasealuys sb,, Guoura sp.
and Lycowersican SP., respectively, '

van Loon, et al(1983), usina seroloaical techniaues, have
found tnat althouagh wany of these induced nroteins share the same
ranae of molecular welghts, the proteins are aqenus-specific,
Antisera to some of the tohacco b=proteins did not react
seroloaically to any of the induced proteins tested from other
genera, [lowever, that does not preclude the possibility that the
nroteins which increased in concentration after virus infection
in our studies, could ke similar, if not in chemical makeup then
fn function, to the PS proteins or even the h-proteins,

Refereunces
125 ; ._ _
Judd, R, C. 1982, J=Peptide nmapping of protein IT[L isclated from four
strafns of “&telsseria aonorrhoeae\s, Tnfection and Tmmunity
T:622=631.

van Lhoon,L.Ce,Seftaninazzy R . F.White,Y,Abu=dawdah,P , Ah]l,J . F.Antoniw,
T.Rnller,h,Caracho=Henriqguez,V,Conejero,J,C.Coussirat,r t,Gan0dman,
E.Majss,P.Kedolt] and T.,M,A,Milson, 1983, Flectraphoretic and
serolodaical comparisons of rathogenesis=related (b) proteins from
difteérent plant species, Neth,J,Pl.Path, R0:293-3103,
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chromatography. (in collaboration with Prof. Y. Burstein and Dr. V.

Buchner, Weizmann Institute) (in Israel).

Two hundred units of IVR and a parallel control were fractioned
on a Sepharex G75 column. The high molecular weight (56.000) and the
low molecular weight (26.000) fractions obtained were further purified
using high performance liquid chromatography (HPLC).

HPLC was performed on a spectrophysics 8100 liquid chromatography
with a column of Aquapore RP-300. The column was first eluted under
isocratic conditions using 0.01lm sodium perchlorate, 0.1% phosphoric
acid and then by a linear gradient of n-propanol in the same buffer
(pH 2). Fractions were collected and those showing an obvious peak
which was absent or smaller in the healthy control were assayed for
their bioactivity in the protoplast system. In the first experiment 3
peaks of the high molecular weight fraction were tested and assayed |
with the respective controlss. The peak eluted from the high molecular
weight fraction at 43.53’ was found to have 60% inhibition when
assayed in the protoplast system (Fig. 11).

In a second experiment the high and low molecular weight
fractions were further purified by reversed phase high performance
liquid chromatography (RPLC). RPLC was performed on a spectraphysics
8700XR HPLC system, equipped with an Aquapore RP-300 column using a
grandient of n-propanol in 0.01H sodium perchlorate 0.1% phosphoric
acid. Fractions were collected and assayed as described previously.

Two peaks of the high molecular weight fraction with retention times
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[l

37.09 and 41.18‘ were found to have 70 and 50% inhibition
respectively and two peaks of the low molecular weight fraction with
retention times 41.85’ and 43.00' were found to have 62% and 40%
inhibition (Fig. 12).

In this experiment, active peaks were eluted at retention times
41.00 and 43.00 both from the high and low molecular weight fractions.
This also suggests that the high molecular weight fraction is indeed a
dimer of the low molecular weight fraction and is broken to its
monomeric form. The elution of active peaks around 42.00 is in
agreement with the results obtained in the first experiment.

The active fraction thus obtained was desalted and further
purified by rechromatography on the same column, using a gradient of
n-propanol in trifluoroacetic acid (TFA).

Several peaks were eluted at retention times 21'28 to 25’82 from
the two low molecular weight fractions (Fig. 13). The biocactivity of
these peaks as well as a few peaks obtaihed from the high molecular
fraction were evaluated in the protoplast system.

The peaks eluted at 21’28 and 25’82 from the low molecular weight
fraction and the peak eluted at 15'86 from the high molecular weight
fraction were found to have 60-70% inhibition. These peaks will be

further analysed for amino acid composition and sequencing.



)

- -

L

- 6la -

Fig.a1.

“-\3\ weleculay

kw How

uﬁs\l‘\ .




- 61b -

Flg 12 Fractionation of the low molecular weight IVR by reversed phase
high performance ligquid chromatography (RPLC).
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All the fractions were tested for bioactivity.
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| Fig. 13 Rechromatography of active peaks on a Aquapore RP-300 column
following desalting.
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p. 1SOLATION OF ANTIVIRAL SUBSTANCES (AVS) (Mmﬁena,

Genaral? :

ALthouqgh gavaral mofhods woro triod to isolato AVS from the protoplast
culture madtum 72 hourgs after inoculation of the protoplasts with Twv,
modified Sela’s mathod was found to bo most consistent and hence usoad
axclunively.

Protoplasts «ara isolatad from tivo tobacco spocios, viz,xnc,ng,snn,xanthi
and sam. A mixoed onrymo aothod uwno usod to fgolato proteplasta using
macerase R-10, cellulasa=-R-10 and occasionally poctolyaso ¥Y=-23., Protoplast
culture Aadlum(PCM) was collocted and dialyzod against distillod water for
24 hours at 4, Yo tha dirlyzed PCM an aqual volune of HCP uas added and
vortexed tor 5 minutes. The mixture yas thon contritfuged at 4000 RPM and
the supernatant uas gsubjaected to tho DEAE~Cellulose column chronatography,
In an early exparimant the coluon yag olutod uwith a gradient of PRS (0,.1-
14 HaCl) and tuo poaks ot antiviral activity woro detactad at 0.3M NacCl
and 0.65N HaCi. In the subgaquent axporinonts tha column uwas washod with
0.1N NaCl, first AVS (AVS~30) was olutod with 5 nl of PBS (0.3M NaCl),

the column vashad, and then the socond AYS (AVS=65) wvas eluted with S5 nl ot
PBS (0,654 HaCl)e Tho two froctions waro dinlyzed against distililaed wator
and uaroe stored frozen at «33C,

DETERNI“ATIUR UF ANTIVIRAL ACTIVITYS

1. Using tntact plantsas
Leavas vern inoculated uith THY (20ug/nl), & hour atter inoculattion
ono halt of the Laaf uas Injactad with AVS and the other half was
injocted vith disttillod water, Fivo to sovon days aftor inoculatfion
lesion nunber was countod and the losion aroa uwas noasuraed.

Source Test Plants Percent Protection
Laesfon ¢ - Leslon Area

AVS=b65 AVYS=30 AVS=65 AVS=30
XNC NG 744-22 46 ' 824=16 34
' SNn 71 32 . 88 32
Hea X™C 64 60 92 3o
SHH 64 51 - 94 30
S HN NG 78 42 .- B4 33
RNC 81 40 82 317
say Ne 0 -21 0 33
XHC 0 24 0 41
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Using protoplantsl ' '
Six hours After tpouculation protoplasts uwore collected and resuspanded
in the mediun containing AV5 and Lncubatod for 72 hours, VYirus titer
wvas dotormined by ELISA.

Source v fest Protopinstg % Protoctions
AVS~-65 AVS=30

NG ANC 90 - 16

o SNN 92 ’ 56

PAGE of AVS3

Roth nativea and 804 PAGE woro trtiod, but no band couid bo dotoctad.

A tontold incroaso in concantration by lyophifization did not incroease
PAGE sansitivity.

EFFECTS UF ANTIMETAROLITES?S

Antimetabolites uore trlod in tho protoplast system only using HG
protopl agts.

1.

2,

P1-0MS and AVS?

fan million protonlaota wora inoculatod uith THY and susponded in the
protoplast rul tura modiur containing ottner 1l0ug/sl AMD or 20ug/ml CH.
The protoplast wero incubatod tor 72 hours and tho AVS wasg obtalnad
from tho protoplast culturc nediun, AVS uvas tostod in SNN protoplasts
for antiviral activity,

AMS Used " Percent Protoction
AVS=65 A¥S=30

AMD 59 34

CH 68 14

Control - 89 k]

This °0° timo application only gavo consistont rosulte. AMS applicd
1-6 hourg Pl yialded contradictory data.

AVS vg AVS?

fan millton SNN protoplagts were troatod uith AVS (trom ten million NG
protoplasts) for 4-6 hours ond then the protoplasts wera resuspandad

in tho protoptast cuituro nedium and incubatod for 72 hourgs. The
prtotoplast mediun was uged to isolato AYS,

Troatnant of thao SHN protoplasts with AVS=30 rosultod in only 0.3H poak
from SHN protcplast noediun mwheroas troatnont with AVS=6S rosulted in
both 0.3# and 0.65M poaks,

RPFECTS OF AVS O CELL-FREZ PRUTEIH SYNTHESLS:

t

tionssanagar depliated Rabbit Rollculncyto Lysate (RRL) was usod as the coll

rao systom Aand tull Llength THU=KRNA was used as the nessAga. Protetin

synthesis wvas doterminod by 9aasuring tho incorperation ot 3IH-leucina in
TCA prectptitated protein,
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AVS=-65 inhibitad protoin synthesis by 76~838 uhoreas A¥S~30 causaed only
7«15% inhibfition.

SUNMARY?

The protoplast cultura mediur soons to contain two typos of inhibitorn:
andoganous and inducod. Tho inducod inhibitor inhibits virus replication
by B0-94% whereas tho ondogonous finhibitor inhibits virus roplication
onlv hy 27-51%.

Cycloheximido and Actinomvein-D partiolly inhibit tho synthosis of the
finhibitors indicating tho invelvonont of collular transcription and
translation procosocag.

Troatment of protoplasts uith AVS for 4-6 hours rosults in the induction
of AvVS synthosis whon tho troatod protoplasts aro incubated in the
culture nedium furthur for 72 hours.

fhe inducad and andogysnous inhibitors inhibit THV-RNA diroctod protein
synthasts 1n RRL systen by 78=-8s53 and by 7-15¢ rospectivoly.
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Figure 4 Antiviral activity of AVS isolated from 'Samsun'

protoplasts and tested in leaves.
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Figure 5 Effects of antimetabolites on AVS activity
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Figure 7. Effect of AVS-65 on the synthesis of TMV coat protein

in protoplasts.
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DNILAEIABULLIES LEECELY 1adlalliou

LUS =65 AL3=30
Actinomycin b (10 nga/nl) la 3
Cvcloheximide (20 va/nl) 21 s
Tunicamycin (5 uwa/sml) ny o fl

rable 1. Effectlveness ot aplimetabolilies in iubivilliou AYS activity.
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ENZYME IREATMENIS REBCENT INHIBITION
Alkaline phosphatase + AVS=65 31
RNase A + AVS=6S5 | 84
RNase T=1 + AVS=65 _ 88
Alpha=-glucosidase + AVS-6S 41
Beta-alucosidase + AVS<6S | G
Trypsin ¢+ AVS=65 60
AVS=65 (control) 87 )

Table 2. Effects of uarious epzumes on AYS=65.



E. Binding of IVR %to Concanavalin A-Sepharose (in Israel).

To see wheather IVR binds to lectin, a column (10x40mm) was
packed with Con-A - Sepharose 4B (Pharmacia) and equalibrated with
0.02M Na-phosphate containing 0.15 M NaCl, pH 7.4 (PBS).

IVR (10 units)was dialyzed for 16 hr at 4°c against 100 volumes
of PBS aﬂa loaded to the column. Washing and elution were performed as
follows:

1. Washing with 8 ml of PBS (El).

2. Nasﬁing with 6 ml of 0.02 M Na-phosphate containing 1M NaCl, pH 7.4
(Ez).

3. Elution with 8 ml of (Ez) containing 0.1 M methyl _ -D-Manoside
(Eg).

4, Elution with 8 ml of (ES) containing 70% ethylene-glycol (V/V)

(Eq).

All the eluates were collected separately.

A control preparation obtained from a similar number of
mock-inoculated protoplasto was passed through a similar column,
eluted and collected in a similar way.

All fractions were dialyzed three times, againsb.two liters of

deionized water. The biological activity of an amount equivalent to




three units was tested on TMV-infected tobacco protoplasts, in
comparison with the respective control fraction.
Results of one experiment is given in Table 1. Two peaks of

activity were observed after elution with PBS containing 0.1 M

manoside (Ea) and E3

containing ethylene glycol.

Table 1. Lectin chromatography of IVR.

Elution ! | Infectivity %

buffer ’ Inhibition
IVR Control of

medium infectivity

PBS 27 35.9 25%

0.02 Na-phosphate containing 28.2 37.9 26%

iM NaCl pH 7.4 (Ez)

(Ez) containing 0.1 M methyl 13.1 31.6 S1%

manoside (EB)

(E3) containing ethylene glycol 14.9 32.3 . . ‘ 54%

These results, which are of a preliminary nature and require
further confirmation, may indicate that the IVR protein is
glycosylated.
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F . Production of IVR Concurrently with Resistance and its Suppression
by Antimetabolites. (in Israel).

Results are summarized in the attached publication.

Virology 127: 475-478, 1983
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G. Mode of Action of IVR.

<

"The mechanism whereby IVR inhibits virus replication is not yet
known, but as,recent reports implicated changes in plasmodesmata as
being associated with virus restriction (Shalla et al., 1982, Leonard
. & Zaitlin, 1982), it was 6f interest to see whether IVR reduces the
number of plasmodesmata in treated leaf tissues. In electron
microscopy studies reported here no significant effect of IVR on
plasmodesmata numbers, was obsetved; thereby negating this
possibility.

The growing of Nicotiana tabacum L. Samsun NN plants and the
preparation of protoplasts and IVR by precipitation with ZnAc2 were as
described before (Loebenstein & Gera, 198l1). Control prepération were
obtained similarly, from sham-inoculated protoplasts. Preparations
obtained from 106 protoplasts, incubated for 72 h after inoculation,
are termed one "unit" (Gera & Loebenstein, 1983). -

Spray applications of IVR and control preparatiohs (three units
in 10 ml 0.05 M phosphate buffer, pH 7) were made to fhe'upper side of
the leaves of N. tabacum Samsun plants (2-3 weeks after transplanting)
5 h after inoculation with TMV (2.5 ug/ml). TMV was assayed after 72 h
from thé inoculated leaves - by homogenizing two ll-mm-diameter disks
in 2 ml of 0.05 M phosphate huffer, pH 7.5. The homogenate was used to
inoculate 12 half—leabes of N. glutinosa plants and compared with a
standard solution of purified TMV on the opposite half leaf.
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Three days after the spray applications, séven to ten leaf
samples were cut from the lamina at the same positions from IVR and
control-treated plants for electron microscopy. The samples were fixed
for 1 hour in 2.5% glutétaldehyde in 0.02 M phosphate buffer pH 6.8,
rinsed in the phosphate buffer, and additionally fixed for 1 hour in
1% osmium tetraoxide in phosphatevbuffer. Dehydration was accomplished
in 50%, 75% and 100% acetone. Infiltration and embedding were done
with epoxy resin AGAR 100 (from Agar Aids). The epoxy blocks were
cured over night at 70°C. Sections 200-250 nm thick weré cut through
the leaf parenchyma from the upper to the lower epidermis with the aid
of an LKB Ultrdtome I1I, ahd were observed in the electron microscope
without staining. |

All plasmodesmata in one section between all palisade and spongy
paranchyma cells Qere counted. Photographs of the same section were
taken and the total length of common parenchyma cell walls was
measured on the photographs, and the number of plasmodesmata per 100 -
um of common cell walls was calculated.

Results from three experiments comparing the effect of IVR and
control preparations on virus titer and plasmodesmata number in Samsun
leaves are summarized in Table 9. IVR significantly reduced virus.
titers, as measured by a reduction in extractable virus, by
approximately 60%. No significant effect on number of plasmodesmata
was observed. It séems, therefore, that the effect of IVR on virus

restriction is not due to an effect on the number of plasmodesmata.
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2. Effect of IVR on_protein_synthesis_in protoplasts. (in Israel)

To see if IVR affects general protein s§nthesis'in protoplast,
thereby also reducing virus, synthesis, 35S—methionine incorporation
was measured in IVR-treated Samsun and Samsun-NN protoplasts. For
controls non-treated protoplasts and protoplasts treated with sham-IVR

35S—methionine incorporation

were used. IVR (3 units) did not reduce
neither into Samsun NN nor into Samsun protoplasts. 6n the contrary, a
certain increase of incorporation was obtained, indicating perhaps
that IVR inhibits virus replication via a cell mediated process (Table
10). m

Table 10. Effect of IVR gés—methionine incorporation into acid

insoluble fraction of protoplasts.

Protoplasts 72 hrs. Treatment cpm/ug Protein
Samsun NN IVR 75474
Samsun NN mock IVR ‘ 50649
Samsun NN | control 59770
Samsun IVR 75440
Samsun mock IVR 56278

Samsun control 50638

For each treatment 1 x 106 protoplasts were used. The results are
averages of duplicates, which were treated with TCA, and counted
twice. Protein determination was done twice and each experiment was
repeated 3 times.
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To see whether IVR acts directly on TMV replications or via
another substance induced by IVR, the following preliminary
experiments were performed.: |

Actinomycin D 10ug/ml and chloramphenicol 200 ug/ml were mixed
with IVR (3 unit) and added to 1x106 Samsun NN protoplast 5 hrs after
inoculation with TMV. For controls the antimetabolites and IVR were
added separately. Protoplasts were collected by centrifugation and
homogenized. The homogenate was inoculated onto 12 half leaves on N.
glutinosa plants and compared to control protoplasts withbut
antimetabolites.



Table 11. Effect of Actinomycin D and Chloramphenicol on IVR activitvQ

Treatment

Infectivityb from test Percentage of ‘

protoplast incubated

after inoculation for

inhibition IVR/control

48 hr 72 hr 48 hr 72 hr
Control protoplats 15.25 35.7
IVR | 4.3 10.5 62 61
Actinomycin D 2¢8.6 54.2
Chloramphenicol 31.5 55.1
IVR + Actinomycin 13.7 50.4
IVR + Chloramphenicol 12.9 51.6

aAverage of two_to four experiments

bAveraqae number of local lesions on one half-leaf on N. glutinosa

Table 11 shows that the addition of actinomoycin D (an inhibitor

of DNA-dependant - mRNA synthesis) and chloramphenicol (an inhibitor

of protein synthesis) totally inhibits IVR activity. These results

indicate that IVR acts via activators of the resistance mechanism in

the protoplasts and not directly. These results will have to be

verified by an additional approach, especially adding the

antimetabolites at different times after inoculation.
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H. Research on Preformed (Endodaenons) Tnhibitors of Virus
Infection, (in US)

1., Inhibitor From Cotvledons and ilature Leaves of Cotton

A) Preparatico

Cotton cotviedons (20=30 days old) or Ffally expanded cotton
leaves were frozen and then homoaenized 121 (w/v) with STANDARD
RUFFFR with a mortar and pestle, The homonenate was centrifuaed
at 200049 for t0 min and the supernatant collected, frozen, thawed
and respun at 2000a for 10 min, 7This crude extract was used for
further testina,

_ A portjon of the extract was heated in a water bath to 6SC
for 10 min, spun at 2000q for 10 min  and the supernatant
collected for testlinu, .

Extracts wvere mixed 1:1 (v/v) with "MV and Jnocnlated aonto
one half of a Pinto Bean prirary leaf, A Control solution of
Buffer and THV was inocutated onto the other half,

b) Results
Janrle 1. COTTUN CUTYLEDN ! EXTRACT (CCE)

Percent Inhibition
(Lesion Humber)

Fxtraction 1
hate o FXp. Untreated H5C=-Treated

1 81.0 -, 0
11/71/85

? 71.9

1 75.3% 47.5
1174705 ? 73,4

3 59.9

1 T75.6 33.3
1713/86 '

2 66,1

1
Averaae of 9 Pinto Bean leaves nper eyneriment
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Table 2, COVIOD LEAF EXTRACT (CLE)

Percent Inhibition
(Lesion Mumbher)

Fxtraction 1
Date FXI e Iintreated 55C=Treated
1 93,0 93.%5
1171795
2 97.5 23,0
1 57.7
1/9/96 ? 53,3 Hh R
3 60,8
1

Averade of 8 Pinto Rean leaves rer eyperjment

c)hiscussion

The inhibitor of virus establishment present 1n cotton
cotyledons apnears tc e A{ eferent than the inhibitor found in
mature leaves, vased opr thermal sensitivity, A 10 mln  exrosure
to 55%C reduces the inhibitory activity of CCH hy about 50% while
‘& similar heat treatment had no effect on the fnhibitory activitv
of CLF. The notency of CLF anparently varies with the extraction
possihly due to leaf posftion as the leaves extracted on  11/1/85
wete from a mature (>6 months old) plant while the leaves

extracted on 1/9/86 were the first three leaves formed,
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11. Inhinitor from Y¥icotiawa wlutinosa leaves
a) Preparation
“Fullv expanded leaves of Micatiaua glutiposa were frozen and
vrocessed as for the cotton inhibitor (Section la).

b) Results

Percent Inhibition Hunher of
Assay Plant (Lesion jlunmber) leaves treated
Patura stramonjum h2.5 L 6
Phaseolus vulaaris
var, "Pinto" 60,5 o
Nicotiana alutinosa -44,4 n

¢) Discussion

Althouah the results are preliminary, t he inhtbhitor from
Nicotiaua golutincsa Aarrears to he altruistic Iin that {t does not
fnnikrit virus (THV) when tested on l. Jlutlnosa. :

further testing is necessary hefore it can be sajid that the
extract iIs actually stinulatory when nixed with vitus and applied
to {ts source nlant,

d) Feferences

Cheo,P.C. 1970,  Suklininel TInfection of Cotton by  THv,
Phytopatholoay 60:41«16, .
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117, Tatura FAVP

The Inhihitor was outained from frozen leaves of latura
strawopium After thawina and homogenizing in 0,0674 pDhosprhate
buffer,pH 7,0, After discardina the pellet from a Jow snreeqd
centrifunation, the supernatant vas concentrated by ammonium
suylfate precinftation (61=80% saturation), Alalyzerd AuAfinst
paffer, filtered throuaoh Sephadex (G=7%) and heated to 60C for 10
min,

Further concentration was done hyv molecwlAr uittratiitration
producina the seniepuritied Natura sap which was used fnr further
_tests,

) A major reason for the work was tn nprovide A basis for
future research on the virus=induced inhibitor from Datura to
simplify separation frew the endoaernous inhihitor,

Antiviral acrivity was monitored by the percent frhibition
of lesion number produced when inhibitor ard virus were mjixed
before incculation,

A, Physical and Chemjca) Vroperties

1. Fffects of Chermicals on Antiviral Activity.

Aphroximately 45% of the ifnhibitory activity of DATUPL  FEAVE
was lost upon exposure to S.5mM acetic anhydride (Table §), Ho
further rednction in antiviral activity was found after exposure
to 55mit  acetic anhvdride, Eyposure to nhenvl isocvanate, which
also attacks similar proteln arours as Aacetic anhividride, Also
reduced DATURA EAVP antfviral sianificantlv, hy akout 70% (Tatle
1.

Exposure to either concentration of wverformic acid or
cysteine, both of which _attack disnlfide Jinkaaes, bhad no
stanificant effect on 3antiviral activity of DATURA HAVE  (Takle
1).

Antiviral actlivity ot DATURA FAVP was also not lost upon
exposure to either concentration of formic aclid (Table 1), which
not only was nsed as a control faor the performic acid experiments
but also can attack speclfic peptide bonds, ,

sinflarty treated control solutions of STAMDARD  ROFEER did
not reduce the fnfectivity aof ‘THV  when miyed with virus and
inoculated, a '

Antiviral activity of DATURA FKAVP was not affected by the
presence of FDTA (Tabhle 2),
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2., Fffect of Enzymes

fnhikition of lesion number by DATIRA  FAVP was ~ not
sianificantly affected Eky_the 2 hr exposure to panailn or acld
phosphatase (Tahle 3), Inrihitory activity was redvced hy about
10% by exposure to trypsin (Table 3). = Trynsin rednced the
infectivity of THV by 90%, Trypsin reduces the infectivity of
™MV by precipitation, The presence of papain or acid vhosphatase
had no sianificant effect on the nurber of virus lesians pvroduced
by the STAHDARD INOCULUM (Table 3: Row (Ta vs, Raw 1Ib, Row TVA
VS. Row  TVDh). There wAas no evidence that DATIRA FAVP
experienced sianificant kreakdown by incubhation at 3nC for 2 hrs
(Table 3: PRow I1Jb vs, Row Vb)),

3. 1Ihermal lpactivation Point
The therwal inactivation point of DATURA EAVP is hetween (5C
and 70C (Tahle 4). The antiviral activity of DATURPA FAVP w3as not

sianificantlv reduced by incubation at 35C for 7 hrs or -15C for
? vyears,

4, FEffect of pH

The Inhinitory extract = DATHRA EAVP = has a pil of  6.9=7,
The antiviral activity of DATHRA FAVP is si anfflcantly ronucnd

only by very low and high pH (Table S), Sirn{ficant reduction
occurs hetween pH 2  and pH 3 but is not conpletely eliminatedd

even at nH | (table S ). However antiviral activity 1s
completely eliminated at nH 11,

.

5. Proteinaceous fature

The extract contained antiviral activitv that correlated
with A=280 apsorhance and pratein concentration, Preciptitation
by anmonium snlfate, Inactivatior at Hh=70C, vartial Inactivation
by trvpsin and linear relation of antiviral activitv with vrotein
concentrat1on 1eads to the conclusion that the substance isolated
from Batura that ls respensible for Aantiviral activity is a
rrotein,



- 90 -

TABLE 1

Resfdual Antivival Activity of DATURA EAVP Treated with
Chemlcal Reauents which Affect Sovecific Pratein Croups

1

Reaction Resicnal

Each value represents

Tire Protein Inhibitor
Reaqent il (min) Terp, Umales/mi Groups rectivity
Phenyl isocyanate 2,1 . 15 25C 9.3 -2, «0n 21.5,37.7
. _ ~lH2(alnha),
Acetic anbydride 7.0 120 9C 5.5 - =NH 63.4,4A .1
=NH2 (Aalpha
. . i & epsilony,
Acetic anhydride 7,0 120 AC 5540 -(JH AR.4,40,.0
"Formic acid 740 180 4c .48 RSn=Prao Q0 ,1,98,7
Formic acid 7.0 480 AC 4.4 Asp=Pro 4R, 4,90, 0
Performic acid 7.0 180 4C 0,44 -l apL0,un,5
Performic acid To0  AHD ac 4.4 -5=5= a6.n,a4,
Cysteine 7.0 180 17C 25,0 -f=fe 93.0,06 1
1

percentage of inhibitfon of Jeslion number

reraininag as conpared to an untreated DATURA HAVP#TMV Cantrot,
DATURA FAVE was

Concentration

All treated

ua/ml (Total
mjxtures were dlalvzed over=niaht Aaonainst STAMDARD

Protein),

BUFFER before assayina on 8 Finto Bean half=leaves rer experfiment

with similarly~trented STARDARD HUFFER

used as A control.
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TABLE 2

Effect of ENTA on Antiviral Activity when #ixed with DATURA EAVP,

Averaae
1 o lLesfon Standarad Percent
Treatment Number beviation Tnhibition

ENPTA + TMV +
STANDARD RUFFEP 157.2 @ : 11,0
ENDTA ¢+ TMV 4 ,
DATURA EAVP 6e3 A 2.4 6,0
STANDARD BRUFFER ¢
TMV 161,13 -} 16,4
DATURA EAVE & THV : aA,2 ¥ 2.1 97,4

Concentration of ¥DTA was 1%, Valnes followed by the same symbol
are not stanificantly Alfferent (P<0,01) Accordina to Stodent’s
t-test. A 1:1 (v/v) solution of FNTA and DLATURA FAVP

(50 ua/m},Total Protein) was prepared and an equal volume of
STANDARD INOCULUM was added hefcre inacnlating onto A Pinto Bean
half=-leaves, Contro) soluticrs were without

DATURA EAVP anid without EDTA,
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TAALE 3

Fffect of Enzywmatic Cleavaae on the Antiviral Activitv of DATHPA FAVE

Replicate 1 Replicate ?
Averaue Averane .
1 lLesion ?2 Lesion Percent Inhibition
Treatuent Numher s.0. HNumber Sty (I1=c/blx100)

- ™ - - - o an - ---e - ow s m o wm - WG S Eh s R A AR N GS Sn G W O R W A e

I, TRYPSIM [T} (1 ma/ml)

a) Buffer "

+ TMV (pH 8.0) 219,.7 7.9

b) T 4+ TMV 19,2@ 5.8 20,18 2.9

¢) DATURA ILAVE
+ T ¢ IHY
Exnt. 1 2s2% 1.6 2.1% 1.9 R R, 6
Expt, 2 1. 7% 2.0 1,0% 0.6 a1 .1 98,0

Tt. PAPALIM (P) (1 ma/ml + 0,0005M cysteine)

a) Ruffer

4+ TMV (pH 6,2) 210,.6 18.9

h) P 4+ THYV 2172.7 20,3 216.) 15,4

c) DATURA EAVP
+ P+ THY
Expt. 1 1,008 0,82 0,87 N0_83 99,5 a9, 6
Expt. 2 0.,57¢ 0,53 0,37+ 0,52 99,7 99,1

K9

TII. DATURA EAVP CONTROLS for 1 and 11

a) Buffer .
4+ THMV (pH T7.0) 213,71 20,7

b) DATURA EAVP
+ TMY
Expt. 1 0,83 0,98 N0 & 0,0 99,6 1no

Expt, 2 0,370 0,52 N,6380 0,74 Qy R aa, 7
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TABLE 3 (cont,)

Effect of Enzymatic Cleavaose on the Antfiviral Activity of DATURA FAVE

PReplicate 1 Replicate 2
Averaue Averane
\l Lesion 2 Leslon Percent Inhibition
Treatment Humbher S.le Namber SN, (f1=c/hixing)

IV, ACID PHOSBPHATASE [Pil) (2 units/ml)

a) Ruffer .-
+ THV (pH H,.,0) 99,6 11,8
h) p” ’ TMV ‘.‘S&" 16.5 ‘;3.‘ “.5

c) DATURA EAVE
+ PH + ‘tny T.0% 3.3 b RY 2.8 A24h 91 .4

V. DATURA EAVP COUNTROLS €ar JV

a) Buffer
+ TMV (1t 7.0) an,4 9.4

b) DATURAN EAVE
4+ T4V Tl ha 1.5 5 e 2.1 apr,q a4,.0

Fach value represents the averaae onf treatmwenls anplifed ta w=f Pinptn
Bean half=-leaves. Fnzyme solutlons were nade up in 0,067 Phosphate
buffer at the optimum ni for that enzyme, Solutfons were mixed with
STAMDARD BUFFER aor DATHRA FEAVP, the pH was readinsted apnd the mivtures
were i{ncubated at 3I-C for 2 hours,

2 .
S.D. = Standard Deviaticn

Svymbols )
@ - Sfarnfificantly different (< 0.,00%) from a) acecording
to Student’s t=-test,
¥ = Sfanificantly different (P<C 0,005) from h) accordina
to Student’s t=test,
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TARLE 4

Thermal Inactivation Point of DATIRA FAVE

Lesion - Lesion -
1 Numbherse 2 MNuwhere Percent
‘Temperature Treated SeNe Cantrnl Seh, Inhibhition

Room )

(22C) : 3.7 * 2.9 13%,0 22,0 7,13
60C 0.43 * 0.7 34,3 = 49,5 9%, 7
65C 1,3 * 5.3 117.6 18,6 RALS
70(' 7.?6." 1700 223." ‘b.q -1.3
socC 40,7 19,2 41.1 R 1.4

STANDARD MIFFER (Control) and DATURA EAVE (650 wg/ml Total Protein)
solutions were rajsed to the desfired teunperature and then exposed
for 10 minutes. Solutions were cooled with cold tap water to room
" temperature and centrituaed at 2000a for 10 minutes hefore mixina
with STAHNDARD IHOCHLUM and assaving on R Pinto Hean hal€-leaves
per experiment,

2
Standard Deviation

Symbols: Slanificantly different (P<0,005) (#) from Countral
accordinn tn Student’s tetest,



1
P

Effect of pH on the Antiviral Actlvity of

Fxpt.
Hum,

1

2

TABLE 5

liesion
Mumhere ?
Treated Selis
129,n% 17.0
116,08 15,4
1R.1A 7.5
21.6 hebH
Ro7¢ 56l
Heal? 3.5
13.5% 6.0
11.4% 4.7
Se 3% 3.2
T.3¢% 5.2
3.5% 3.1

95 -

Leston
Huynhere
Contronl

166,90

.1“5-”

25.7

25.7

43,3

39,1

38,0

PRL,0

1R L0

HH N

55,0

305,09

DATURA FAVP

Selte

13.0

11,3

11.3

11,0

Percent
Tnhihition

22.13

20,0

?Qor’

16,0

N4,7

7.0

a9 .7

93,6

97.%
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TABLE S (cont,)
Effect of pH on the Antiviral Activity of DATUPA EAVP

liesion Lesion
1 Fxnt, Mumteye ? qumbher= tercent

nH Huw, Treated S.D, Control Hele Tonhibhition

1 11.,4% Se7 HB N 13.4 R7.0¢
R

2 : 12.0% 5.8 L RTI) 13.4° 86,4

1 1.7% S I 20,4 - Y7 91,4
9

2 1.,4% 0.4 1R.0 3.4 NP2

1 7.7% 3.0 13.6 C9.3 R, 2
10 .

2 R, 7% 5.1 11 .3 #,7 .0

1 : 15,3 26.7  ER.0 13,4 3.1
11 .

? 121.0 18,0 LI RO 1a,0 -2.0

The PH of STANDAPD RUFFER and DATURA FAVYP solutions was chandaed by
dropwise addition nf 18 HC)Y or 1IN NaOH, After one winute, the pd was
hrouaht khack to pil 7 by the addition of 14 HatlH or 1% NCY,

The solutions were then centrifuaed at 20003 for 10 min,,

the supernatant mixed with STAMRARD TROCHLEI and assaved on

f Pinto bean half=1leaves per experiment,

2
S.Ds = Standard Deviation

Svymbols
t = S{unificantly different (P<0,00%) from Control accerding to
Student’s t=test,
§ ~ Sjanificantly different (P<C,10) from Contro} accordina to
Student’s t-test.
8 = Sfanificantly Aifferent (F<0,29) fromn Contro)l accordinag to
Student’s t-test,
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. Hinloulcal Prorerties

1. Systenic Fffects

The number of local lesions on the upper surface of TPinto
Rean leaves inoculated with THV was not reduced when DATHRA FAVP
was applied to the underside of the same leaf up to 1 day before
inoculation (Table 6),

Hovever, lesion numpers were sianfiticantly reduced when
inhibitor was acplied to the upper surface even S days before
inoculation of the sawmre surface, -

Untreaterd hal €=leaves demonstrated no acauired resistance
even 7 Adays after arrlication of the adfacent half with DATURA
FAVP (Table 6), -

?. Influence of ldentity of Virus_

All viruses tested contained positive ("+")=sense ssiIA
(Table 7)., when rixed witn inhibfitor, lesion numhers of THY were
reduced hy 6RT hnt AMV was nol affected. temtrers of the FVX
aroup aave variatle results = PVX was Inhibited about 50% while
CavVX was not affecteqd, B

The variahle results encountered when rembers ot the PVX
aroup were tested implies that the assay host has at. least tun
types nf virus receptors, only one ot which was |Inhinfted hy
NATURA FEAVP,

3. t(nfluence of Taxonomic Status of Assay Host

_ The Inhibjtor showed >90% activity wher assaved on plants
from the Fahaceae and Chenopondlaceae (Table R),

However, no activity was manifest when assaved on the source
host = Datura strawmgopiuz.

fither memhers of the Solanaceae produced varfable results,
Activity was «areater than 90% on licotiapa ulutioesa hut less
than 65% on several varieties of H.Labacum. Activity was still
aver 40% when tested on a member of the same anenus - Qatura
metel.

Therefore, the relation between the dearee of inhihttion and
the taxonomic status of the assay host with respect tn Latura
stravoniup s determined at the sprrcles leve)

4, FEffect on Viral Replication
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Fuplovina two varleties of tobacco (Xanthi and Samsun) which
alve a systemiec infection with 7THV, virus titers were not
stani€icantly reduced 12 davs after  inoculation with
virus=inhivbitor nixtures (Fiqures 1 and 2), 1In hoth varfeties
there was a laa period In virus increase between days 4 and 5
induced hy the inhibitor; after day 5 there was no sich effect,
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5. Mechanise of Inhibition

van Kammen,et al (Viroloay 14:100-108, 1961) suaqest that
virus and host=cell receptor react reversibly, The anttors
Aderived an euquation that resemhled a ULineweaver-Hurk nlot of
enzyme Kinetics: '

K/e=314K(v)/c
maximur nurher of lesions

numher of lesions at virus cencentration ¢
dissoclation constant of virus-receptor complex

where k
e
K{v)

) when they analyzed data resulting from the use of an
inhibitor from carnation, they concluded that the Inhibitor was
actinu competitively with the virus,

. Wwe made a similar analysis usinag DATURA EAVP and came to &
similar conclustion (Fiaure 3). Comnetitive inhikition was alse
indicated from plots of rercent iInhibitjon vs. - inhititor
concentration at constant virtus conhcentration (Ffanfe 4),
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TARLE 6
SYSTEMIC ANTIVIRAL ACTIVITY OF DATURA EAVP
I. Apprlication of NATURA EAVP onto the underside of ‘the leaf,

A. Ffftect on Lesjon humher

Averaie Averaae
Lesion Lesion
1 Expt, Number= 2 Numbhere 2 Paercent
Dav Mum, Treated S.PD. Control 5.0, Inhikrition
1 735 104 650 12 -13
0 ’ .
2 613 18 605 1% -
1 206 42 225 73 He4
1
2 06 a1 310 IN 1.7
n. Effect on Lesion Diameter
Averane Averane
Lestion Lesjon .
Fxpt, Diameter= Piametere- ~ Pearcent
Dav Mum, freated S.Ds Control Sait, ITnhivition
3 _
1 e 260mmM(50) ol e25010m .14 -4, 0
0
2 «257Tmn(50) «09 e 267mn .12 2.0
1 «2HTmn (H0)) o172 e29Aem .11 2.0
1 . .
2 «285mm(S50) o1 < 280mni .12 2.0

1

DATURA FAVE (50 va/ml Total Protefin) was Applied to the underside
of R Pinto Hean leaves prer experiment 0 or 1 davs hetore THV
inoculation of the upper side. STANDARND BUFFER abnlied to the
underside was treated sirmilarly and used as a control,
2

Standard beviation

3

"Mumber of lesions measured for both Control Aand Treated leaves,
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TARLE 6 (continued)

Comparison with Systemic Acauired Resistance (SAR)

1
Inducer

DATURA
EAVP

THV

Ruffer
Control

1

Einht Pinto Hean nlants were used rer
inoculated with either STANDARD DUFFER,

hveraqae

Lesion , ?

Numher S.N.
154 49
20 12
156 54

Percent
Inhibition

A7 ¢

Averaye
Lesion
Niameter

3
38Bmn(T7%)

e33mm(5%)

cJbinm(65)

treatment,

S.D.

12

.10

.14

Half

DATURA FAVP,

fnduced by TNV,

Percent
Inhibition

0.6 *¥

leaves were

or STANDARD

INOCULUA, Seven davs later, the adjacent half leaf was inoculated
with TMV and lesions were assaved 6

2

Standard Deviation

3

Number of Jlesfons

Symbols: Sianificant at (P<0,005)
with Puffer Control accordina to Student’s t-test,

measured,

!

{*) and

days later,

(P<H, 20)

{¥Y} compare-d
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TABLE 7

! . F€fect of Virus Particle Morpholoay on
the Antiviral Activity of DATURA EAVP

2 Lesion
Lesion Nynher=
t Numrhers= 3 DATURA Percent
Plant Virus Group_ Control S.0D,. FAVE Haite Inhthitinn

ALFALFA MOSAIC
VIRUS GROUP
(bacilliftorm,tripartite) ; _
Alfalfa Mosajic virus 44.4 16,8 L AT 10.6 -1
TORACCO HFECROQOSIS
VIRNS GROUP
(isometric,monopartite)
Tobacco MNecrosis Virus 28,7 13,4 Ve?2 ¢ 7.7 6GR LD
POTEXVIRUS GRODP
(flexuous rods,
monopartite), ’
Cactus Virus X 54,1 1R, R 92.2 20,7 3.5
Potato Virus X

Fxpt,l 86,0 H2,0 314,.0 « 10,0 A, A

Fxpt.2 105.,0 21,2 1.1 # 23,0 42,0
TOBAMOV]RUu GROWP
(riald rods,monopartite)
Tobacco Mosalic Virus )

Fxpt,1 262,.0 25,0 24,0 % 6.5 90 .1

Fexpt,2 Ji9.0 49,0 Ja1 ¥ 2.3 97,0

Fxpt,.3 350,90 3R, 0 7.0 ¥ 1.7 gn_n
Ribarass Mosalc Virus 16.4 7.5 2.6 ¢ 1,7 R0
l -

Al)] viruses contain "4+" SsSRNA,

?

Assaved on B halt=~ leaves of Chepcuodium awarapnticolor nrer experiment,
virus was mixed with DATURA FAVE (%0 ua/ml Total- Protein)

or STANDARD PUFFER and fnoculated. Leslons weare counted 6=R davs later,
3

Standard lLeviation
Symbols: Stanificant at (P< 0.,008) (%} compare:d with Control leston
nunber accorlinu to Student’s te-test,
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TARLE 8

relation of the Systematic Position of the Test Plant
on the Antfviral Activity of DATURA EAVP Against TMV

|
Fercent Inhibition
Plant Specles (lLeslon iHumher)

324331 % T 1 R R R N e S e e e T S ST S -~

ASTERIDAF
Solanaceae

Nicotiana tabacum

var. Xanthienc 2.4

Nicotiana tabacun

var., Samsun MNpn 64,5

Nicotfana alutinosa

MBS RO E®Sw R 05.7,04.."07.1

Datura stramonjum

- e en un > = - NS P W AR W e -4.0‘105

DaturAa metel

“-mmwmm W= 4.0

ROSTDAFE
Fabaceae

Phasenlus vulaaris

var., "P'into" A7 .4,99,0,93,6

CARYOPHYLLIDAE
Chenorodiaceae

Chenorvodium amaranticolor

BV WD MW W@ S mE WSS e (,7.!;.»"".("

Each value represents results from one experilment, STAMDARD JHOCHMIM
and DATURA EAVP (50 ua/ml,Total Proteln) were mixed and applied to
6=8 half- leaves per exverirment, A mixture of STANDARD THNCIUHLUM and
STANDARID HUFFER was applied to the adiacent half=leaf as a control.
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- .
’ ‘— Control
-= DATURA
EAVP
1.0~
L
]
=
- puy
[
2
&
>
' U
. g g 1 T 07 g 0 U i
2 4 6 8 10
Days After Inoculation
Fiﬂure 1e Uffect of DATOPA EMVE pixed with TV an virus titer on
Nicntiana Lahacum var, Xxantht, Virus titer §s esxpresse as the ratio
of averane lesinn number tn average 1esinn number Bradneed by the
STANDARD THOCHLUNY on PIintn Rean half=leaves, “rror  bars rerresenl nne
standard deviation, neans are the results of 2 exnerfvents, 2 replicates
for davs S=%, Xanth{ leaves wete fpocnulated =ith PMATURA  BAYP (RN
Ha/ml Total Pratetn) aixed with STANDAED paacyLn, THV  mixed <ith
STANDARD RUFVFPR was innculated anto separate Yanthi plants as a eontral,
Stx Xanthi leaves were cnllected per dav, n clarified extract was
inoculated anto R Pinto Hean half=-leaves, The Aadiacent half was

{noculated with STAUDARD TNOCULUM,
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r —— Control
== DATURA
EAVP

10

Virus Titor

~

7
. T 8§ § 1§ U
B LAY SN

Days After Inoculation

Fiaure 2, Fffect of DATHRA EAVE mixed wiln '“v.  on  virus titer an
Nicotiara tabacuw var, 3Jansun, Virus titrer {s evnressed as fnmuraf}n

of averaane lesjon nunmber tn Averane lestonr nnrber produced by the

STANDAERD TRACHELDA on Pinto Rean half=lerAaves, arrorv bars reopresent

standard deviation, means are the results nf 7 oxﬁértmnni% Q'rnii? ?”O
for davs 4=8, Samsun lraves were fnocalatnd wilh hA;HhA ) F\:T'ef
ua/zm]l Total Protefn) mived with STAHDARD LAOCaLIn HEMAY ‘m'wpi"{(kj
STAUDARD BUFEFFE was inoculated onto separate Hamsﬁn ;lanré qu> { r*ith
Six Samsun leaves were caollected nper dav, A r\ari€1$} r;xgrc?r rﬁl.
fnoculated onto #  Pinto Pean half-=leaves, fnp adlnceﬁr‘ :;lf ::i

inoculated with STANDARD LINOCULUP,



Number, E/o
[ - w
0 o
¥ ¥ 1

Magimum Losion Numbor/Losion

o
1

2z 97

_ 1000 : 2000
. 1/ Relative Yirus Concentration

Filaure 3. 7The relation hetween 1/relatjve virus concentration and  the
ratio of the maxiaen number nf local lesions (1) and the number of jncal
lesions (e) vhen virus i1s mixed with STAUDARD RWEER (Control) or DALLRA
EAVP (50 va/ml Total Protein), Fach point renresents the mean obtained
from treatments appvlied to 2 bEinto Rean half=leaves, The veintercerprts
nt both Lines are not siantfilcantly difterent from oach ctbher (PO, n0Y)
as determined hy tne Student’s t-test,
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Porcont Inhibition of Losion Numbbr

C,,~Rolativo Virus Concontration

§ 10
Relative DATURA EAVP Concentration

Fifaure 4, The effect af increasipg telative virus concentration or the
relationshin uwatyeen the percent inhinttion ot lesion nurbher ot varions
relative concentratinns nf LATURA  FAVP, Fach  raint  represents ftie
averane ohtajned from Lreatmenls arnifed to % Pintn dean half=leaves,
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I. UItgavLolgg-Photobloloov-of-Virus-nost Interaction (in US).

JI. Fffect of YV=C Irradiation on THV<TnJuced
Green Tslands in Systemic Tobacco Leaves
a) Methods '

Two lower leaves of Nicatlona tabacum var, Wisc, in (2
months old) were inoculated with TMV (20 ua/ml) and kent in the
arowth chamber until areen fslands vwere developed {in urper leaves
which were then exposed to various doses of UV=C (A5%. at 253.7
nm) followed by 24 hrs dark treatment tn prevent
photoreactivation, Seven days after irradlation, leaves were
harvested, green islend tissuve and nondgreen tissue were separated
and clarified extracts were used to determine virus titer hy
ELISA. ! - -

b) Results !

~ The green island tissues had less virus: than nonareen
tissues as can be seen in Teble 1, Uv=-C {rradjation increased
virus titer in areen Island tissues presumably bv breaklna down
the resistance mechanism., A UV=C dose of 37.44 eras per sqauare
centimeter was the optimum dose to suppress the resistance
mechanism: hoth hlaher and lower Adoses were less effective, The
decrease o€ virus titer at hioher doses was nprobhably due to a
combination of damaue to host metabolism and direct virus
fnactivation. fin the other hand, as can also be seen in Table 1,
UV-C tended to decrease virus titer in the nonareen tissue,
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11. Effect of UV-C Irradiation on Locallized Acauired Resistance
a) Samsyn NN

samsun MN tobacco mid=leaves were rubbed with a dilute
suspension of TMV giving approximately 10 1local lesjons per
half-leaf, Twenty four hours later, 1inoculated Jleaves were
exposed ta the UvVveC doses listed in Table 2, Seven days later,
leaves uiven the priwary rub as well as controls which had nrot,
were challenaed #ith & hiah concentration of TMV., Controls were
fncluded to assess the eftects of UV=C on subsequent {infection to
virus,

Une week later, numters and sizes of lesions werc determlined
on the sinaly-infected Jeaves while areas of resistant zones
(excludina the primary Jesion itself) were measured around the
primary lesions and averaqed.

i As can be seen, the size of resistant zones Increased with
increasina dose of UV=C, and while there was some inhinition of
lesion numbhers and size that could he attrinuted to
nre=inoculation {irradiation, this could not Account for the
mannitnde of the UV«C effect In decreasina the area nf challenqae
lesion exclusion around the primarv lesions,

h) Pinto Bean '

Pinto Beans ware tested in a similar €ashion, except that
virus was rubhed initiallv at hiah concentration in Aalterpatina
strips separated from  npon=inoculated ATeas, Hitraviolet
treatment was as noted with Samsun NN tohacco, and entire leaves
were challenaed one week atter the primaryv Inoculation  with the
same inoculum, We noted how closely challenne lesions came to
the primary lesions, In this case, UV=C Aalso rartially overcame
locallzed acauired resistance, but not to the extent shown in the
experiments with tobacco,

117, Fffect of UV=C on Localization
Fully mature leaves of 2=month old plants of Uicotiana
glutipocsa and the prirmary leaves of 10-12 dayv o)Jd #into Bran
plants were used in these experirents, Leaves were rubbed with a
concentration of TMV glvina 100«200 lesions per leat.

. Leaves were exposed to the Anses of IV=C shown {n Flaures ]
and 2 24 nrs after inccuvlation, placed in the dark far 24 hrs
hefore beina retftirned to the areenhouse and leslion numbhers and
areas measured one week after inoculation,

As  shown In the earlier experiments, V= caused
delocalization Iin bean, with respect to Iincreases In lesfon
numbers and areas. In contrast, decreases in both lesion numhers
and areas were observed iIn H.glutlpaosa, This ditference 1is
puzzling but may he related to the fact that where !V=induced
delocaljzation has been noted by lLoehenstejn, it tended.to be at
a lower level than that shown by other species,
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Table 2. Kffect of UveC Irradiation on
l.ocalized chuired Resistance,

Uv-C Dose 1
. tesion Free Area
(eras xt0o ) Ratio

- T En e W " - o e Y T Y ]
g~ - n e mm v TR WD Me OB e v em @e SO e

sSamsun NN

12.48 0.51
24,96 0.36
37.44 0,22
49,92 0.09

Pinto PRean

6.24% 0,60

12.48 0,59

|

Average lesion-free area around primary lesjion
lesfjon Aarea) from frradiated tissue divided by
area from control tissue,

(excludinag rrirary
the comnnarahle
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DFELOCALIZATION (Bean)

120(—~

—0— Lesion number cm-2
—O— Lesion Area nn?

100

80}

1) 8

20}

25l L1 2 1 1 1 1 1 1 2 1
1.04 4.16 12,48  18.72 31,20 43.68

UV DOSE (ergs X 104 )

Figure 1. Effect of Post-inoculation UV-C Irradiation on Lesion
Number and Area of TMV-infected Pinto Bean Leaves.




Percent Reduction

-113 -

DELOCALIZATION ( N. Glutinosa )

100

- —O0— Lesion area mm2
o —O— Lesion number per half leaf

5 Fr

50 F

25}

-10 |

-20 L | ] 1 [ 2 ] ] ] 1 I
1.04 4,16 1248 18.72  31.20 43.68
' ‘ UV DOSE (ergs X 10%)

Figure 2. Effect of Post-inoculation UV-C Irradiation on Lesion
Number and Area of TMV-infected Nicotiana glutinosa Leaves
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IV, Effect of UV=C on Leaf Capacity

Ultraviolet light has lona been known to agenerally produce 3
decrease in lesion nurbers ‘upon subseauent fnoculation with
virus. It has been assumed that only estahlishment was involved,
We have extended this work to include measurements of lesion area
as an indicator of effects on viral replication.

Usina the sare two hosts and the same aeneral experimental
conditions, we 1rradiated leaves of hoth species with the UV-C
doses shown in Figures 3 and 4, placed the plants in the dark for
24 hrs, then 1inoculated them with TMV and placed them in the
areenhouse. Seven days after inoculatfon, both lesion numbers
and areas were determined,

In aqreement with previous work, lesion numbers decreased
with increasinn dose for Gtoth svecles, Similar results were
nhtained for lesion area in bean, althouah not to the same extent
as numbhers, At the lowest dose emploved, M.glutiuncsa Aalready
showed a marked reduction in lesion area but, this effect chanaed
relatively little as doses were increased,
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CAPACITY ( Bean )

5 —0- Lesion number cm~2
~—0— Lesion area mm?

75 L

Wt
o
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T

J

[ ] ) | A -
1.04 416 12,48 1B.72 31.20  43.68
UV DOSE (ergs X 104)

Figure 3. Effect of Pre-inoculation UV-C Irradiation on Lesion
Number and Area of TMV-infected Pinto Bean Leaves



" Percent Reduction

- 116 -

CAPACITY ( N. Glutinosa )
100

—@— Lesion area mm?
—O—  Lesion number per half leaf

50

25

n
L.
151

l | ] 1 | ] 1 1 J

4.16 12:48 18.72 3.2 43.68
UV DOSE (ergs X 104)

Figure 4. Effect of Pre-inoculation UV-C Irradiation on
Lesion Number and Area of TMV-infected Nicotiana
glutinosa Leaves‘
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f. Description of coopexation

During the course of the present grant period, exchange visits
were made. M. Chessin visited the Volcani Center in the Spring of
1985, during which time discussions were held and several seminars
presented. A brief visit to Dr. Sela’s lab was also made during that
time.

In August, 1986, Dr. A. Gera spent several days in Missoula and
had fruitful discussions with our research staff.

As part of the cooperation parallel research on the protoplast
system were conducted, resulting in tﬁe Ph.D. thesis of A. Mitra which

corroborates many of the results obtained in Israel.

g. Evaluation of the research achievements

Overall the project progressed as planned. Methods for
preparation of IVR were improved markedly and IVR-like compounds were
obtained from "green island” tissue as well as from the intercellular
was fluid of Samsun NN tobacco and Pinto beans inoculated with TMV.
Antisera to the two fractions of IVR were prepared and used in further
purification of IVR. Induction of IVR in protoplasts was studied
pararell to the development of resistance. A "unit" of activity was

defined, and studies on possible modes of action of IVR were started.
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IVR was evaluated on two additional infected intact plants, though the
amounts of IVR required for such studies did not enable us to
intensify this area of research.

In Missoula emphasis was placed on the use of the protoplast
system with TMV and Nicotiana spp., instead of testing new host virus
combinations for acquired resistance.

Both a virus-induced and an endogenous inibitor were
characterized (58,0004 and 24,5004, resectively). The induced
inhibitor is probably a phosphorylated glycoprotein with its antiviral
acivity due to the inhibition of viral-RNA-directed protein
synthesis.

Work with preformed inhibitors emﬁhasized a more complete
physico-chemical and biological characterization of the Datura
inhibitor. The latter acts by binding competitively to cell receptors
and by altering the affinity of such receptors for virus.

Experiments were done on the characterization of the endogenous
inhibitor of cotton, which was the claséical host for subliminal
infection by TMV, as well as on an endogenous inhibitor from Nicotiana
glutinosa. We obtined evidence that there are Z such inhibitors of
virus establishment in cotton.

Work on photobiology of the viral infection continued. Additional

data on the phenomenon of photolocalization; i.e., a previously noted
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effect of UV-C and visible light after inoculation with virus in
producing smaller lesions than those produced by visible light alone,
were obtained.

No such consistent effects wefe observed. Unlike Pinto Bean,
tobacco continued to show the failure of post—-inoculation UV-C to
produce delocalization (larger lesions) of TMV. However,
delocalization in tobacco was possible with post—inoculation darkness
or high temperature. This distinction may be helpful in determining
the detailed mechanism of virus—induced resistance.

Another unexpected finding was the decreased lesion size
resulting from pre-inoculation irradiation, implying an effect on the
viral replication mechanism. In line with this, we noted a generally
decreasing virus titer with increasing doses of UV-C given before
inoculation.

UV-C increased virus titer in "green islands" resulting from TMV
infection in systemic tobacco. This agrees with the concept that
"green islands" are another manifesvation of induced resistance. An
inhibitor of viral replication has been isolated from such tissues in
Prof. Loebenstein’s laboratory.

We also obtained some evidence that UV-C could partially suppress
localized acquired resistance as it also does for localizatvionm. This

suggests that localization and LAR are closely related phenomena. On
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the other hénd, we have shown previously that systemic acquired
resistance did not respond to UV-C treatment.

The research has reached a stage now, after obtaining IVR in
iarger quantities, its additional purification, evidence that IVR is a
good antigen and preliminary purification by HPLC, that mohoclonals
can be prepared'and used for obtaining m—RNA; or alternatively amino
acid analysis of sequences of IVR after HPLC, for synthesi;ing a c—-DNA
probe can be approached. This should lead to the isolation and cloning

of the IVR gene and its introduction into susceptible plants in the

future.
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